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EFFECTS OF FEEDING DIFFERENT VARIETIES OF FABA BEAN (Vicia faba L.) 
STRAWS WITH CONCENTRATE ON FEED INTAKE, DIGESTIBILITY, BODY 
WEIGHT GAIN AND CARCASS CHARACTERISTICS OF ARSI-BALE SHEEP 
ABSTRACT 
 
A study was conducted using 40 yearling Arsi-Bale sheep with initial body weight of 
19.85+0.29 kg (mean + SD). The objectives were to evaluate the varietal differences among 
faba bean straws and to evaluate effects of feeding different varieties of faba bean straws with 
concentrate (2 parts wheat bran: 1 part noug seed cake) fed at the rate 70% straws and 30% 
concentrate mixture on feed intake, digestibility, body weight gain and carcass characteristics 
of the animals. The varieties included Mosisa (T1), Walki (T2), Degaga (T3), Shallo (T4) and 
local (T5) which were grown at Sinana Agricultural Research Center. The experiment 
consisted of 7 days of digestibility trial and 90 days of feeding trial followed by evaluation of 
carcass parameters at the end of the feeding period. Randomized complete block design was 
used for the experiment. The experimental animals were grouped into eight blocks of five 
animals each based on their initial body weight and each animal within each block was 
randomly assigned to one of the five treatment diets. Yield were significantly different 
(P<0.001) among varieties evaluated. Crude protein (CP) contents of faba bean straws were 
4.9, 5.1, 5.2, 4.3 and 6.2% for Mosisa, Walki, Degaga, Shallo and local respectively and that 
of wheat bran (WB) and “noug” seed cake (NSC) were 13 and 26.8% respectively. The DM 
intake of sheep in T2 (754.3 g/day) was higher (P<0.001) than T1, T4 and T5 but did not differ 
(P>0.001) from T3 (717.9 g/day) and sheep in T3 had higher (P<0.001) DM intake than sheep 
in T1 and T4. CP intake for T5 was significantly greater (P<0.001) than T3, T1 and T4 
whereas no significant difference (P>0.001) from T2. The apparent digestibility of DM of T1, 
T2 and T3 were greater (P<0.05) than T4 but did not differ (P>0.05) from T5. The OM 
digestibility was significantly higher (P<0.05) for sheep in T2 than T4. The CP digestibility of 
sheep in T5 was higher (P<0.001) than that of T3 and T4 but similar (P>0.001) with sheep in 
T1 and T2 whereas CP digestibility of T1 and T2 were also higher (P<0.001) than T4. Sheep 
in T2 had greater (P<0.01) average daily gain (64.6 g/day) than sheep in T3 (43.2 g/day), T4 
(37.5 g/day) and T5 (48.3 g/day) but no difference (P>0.01) from T1 (52.2 g/day). Feed 
conversion efficiency was higher (P<0.05) for sheep in T2 as compared to T3, T4 and T5 
whereas similar with values obtained for T1. Slaughter body weight and empty body weight 
were higher (P<0.05) for sheep in T1 and T2 as compared to sheep in T4 but similar (P>0.05) 
among others. Apart from this, the other carcass components were not affected (P>0.05) by 
variety of the faba bean straws. It can be concluded that there is significant difference between 
faba bean straws from different varieties in feed intake, digestibility, body weight gain and 
feed conversion efficiency and that faba bean straws when supplemented with concentrate had 
higher potential as animal feed. Based on these results, Walki and Mosisa varieties could be 
recommended as pulse crop rotation with cereals in the study area. 
 
Key words: Arsi Bale sheep, Body weight gain, Digestibility, Faba bean Straw, Intake 
 
 
 
 
 
1. INTRODUCTION 
 
More than 80% of the Ethiopian population are dependent on agriculture for their livelihoods 
(Azage, 2005) and usually keep livestock as pastoralists or in mixed crop livestock systems. 
Ethiopia is among the countries that possess large livestock and sheep population in the 
tropics. The sheep population is estimated to be around 25.9 million heads (CSA, 2010).  
Indigenous sheep in Ethiopia have a multipurpose role for smallholder farmers as sources of 
income, meat, skin, manure and coarse wool or long hairy fleece. They are also a means of 
risk avoidance during crop failure according to Tesfaye et al. (2010). Sheep production 
provides an opportunity for smallholder farmers that requires low initial capital and is able to 
use the marginal land as well as crop residues for feeding; additionally, care-taking of sheep 
can be carried out by any family members. The average holding of sheep per household in 
Ethiopia ranges between 3.7 (Yenesew, 2010) to 31.6 (Tesfaye et al., 2010). Ethiopia’s sheep 
population is the second in Africa and sixth in the world (Demelash et al., 2006).  
 
Despite their number, the productivity of sheep per head is low mainly because of inadequate 
year round nutrition, both in terms of quantity and quality, unimproved genetic potential and 
prevalence of diseases and parasites (DAGRIS, 2006; Marcos et al., 2006). The low 
performance of local sheep in terms of live weight gain and carcass yield is mainly due to 
inadequate nutrition associated with reliance on sole natural pasture, crop residues and/or 
stubble grazing, which are inherently low in nutrients available being subjected to great 
seasonal variations (Solomon et al., 2008). The annual off-take rate for sheep is estimated to 
be 33% (EPA, 2002) with an average carcass weight of about 10 kg, which is the second 
lowest of the sub-Saharan African countries.  
 
Human population growth in Ethiopia is forcing the conversion of many former grazing areas 
into croplands needed for increased food production and as a result the use of crop residues as 
animal feed is becoming important. Depending on age, different classes of livestock require 8-
18% crude protein on dry matter (DM) basis in their diet to achieve good nutrient digestibility, 
rumen microbial function, maintenance and production (Perry et al., 2003). 
 
2 
 
 
One of the crucial aims in livestock feeding is to promote the use of local feeds and by- 
products in order to decrease feeding costs (Lanza et al., 2001). Similarly, Bell and Keith 
(1994) reported that concentrate supplementation to sheep feed increased total feed intake, 
nutrient digestibility and utilization. The goal of feeding concentrate feed mixture to growing 
lambs is to achieve maximum growth rates, better conversion of feed to body weight gain and 
best carcass characteristics, leading to optimum profit opportunities (Bodas et al., 2007). 
Agro-industrial by-products such as oil seed cakes and wheat bran could be used as 
supplements in sheep diet. This is particularly important in farming systems where crop 
residues, such as cereal straws and haulms of pulses are major feed resources for sheep 
production (Adugna, 2008). 
 
Crop-livestock farming is the major source of food and income in rural farm households in the 
highlands of Bale (Solomon, 2004). Similarly, livestock and crop production are 
interdependent where livestock holding was observed to have significant effect on crop 
cultivation in this area (Solomon et al., 2009). In Bale highlands, wheat mono cropping is a 
wide spread practices in many farming systems. However, mono cropping generates a number 
of agronomic and management problems. Increased weed populations, greater proliferations of 
pests and diseases and less efficient use of water and nutrients are among the causes of 
reduced yield in wheat monoculture. Government highlights these drawbacks and point to the 
advantages and the greater efficiency of crop rotations in various situations and farming 
systems. Incorporations of legumes in rotation with cereals have resulted in a marked increase 
in cereal yield compared with monoculture. The increase in yield may be not only due to 
biologically fixed nitrogen but also to other factors, including improvement of the physical 
characteristics of the soil, reduced incidence of pests and disease and weed related problems, 
elimination of phytotoxicity and increased presence of growth promoting substances. 
Similarly, use of legumes in a cropping system may lead to an improvement in soil structures 
through changes in organic matter content, soil microbial activity and deep root growth which 
facilitate root penetrations by the following cereal crops (SARC, 2014). Moreover, legume 
breaks the cycle of many cereal diseases. Farmers in Bale highlands practice crop rotation 
especially rotation of cereals and faba bean to alleviate these problems. 
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Crop residues vary greatly in chemical composition and digestibility depending on species and 
variety of the crops (Reed et al., 1986), time of harvest, handling and storage conditions and 
other factors (Adugna, 2008). Research conducted at Haramaya University showed that from 
five varieties of faba bean evaluated at Haramaya and Hirna sites, straw DM yield varied from 
3.4-7.1 t/ha, straw to grain ratio were significantly different with mean value of 1.55 and 3.22, 
and plant cell wall contents were significantly different among the varieties (Yetmwork, 
2005). This shows great variations among faba bean varieties which enable us to select faba 
bean varieties with high straw yield and quality without sacrificing grain yield. In order to 
sustain crop rotation, there is a need to fill the gaps in faba bean straw utilization and also to 
identify faba bean varieties with good straw qualities as animal feed together with concentrate 
mix supplements that can significantly improve productivity and profitability of farmers. Thus, 
the objectives of this study were: 
 
 to evaluate the varietal differences of faba bean straws 
  
 to evaluate effects of feeding different varieties of faba bean straws with concentrate 
on feed intake, digestibility, body weight gain and carcass characteristics of Arsi-Bale 
sheep  
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2. LITERATURE REVIEW 
 
2.1. Status and Role of Sheep Production in Ethiopia 
 
Small ruminants are found widely spread in the tropics and play an important role to the 
livelihoods of a large number of people in this area.  In Ethiopia, sheep are distributed 
throughout all ecological zones of the country, though the largest numbers are concentrated in 
the mid- altitude and highland areas. Sheep production in the crop livestock mixed system of 
the highland areas has a very important role in contributing to the food security as well as in 
generating direct cash income (ILRI, 2000). Export of live sheep, mutton and skin make 
significant contribution to the foreign currency earnings of the country (CSA, 2006). 
 
The productivity of sheep in smallholder production system is low, which is manifested in 
slow growth rates, delayed age of sexual maturity and low carcass yield of slaughter animals 
(Tembley, 1998). Indigenous sheep breeds have small body size, produce low quality wool, 
and have low lamb growth rate and quite high lamb mortality (Markos et al., 2006). In 
Ethiopia, most sheep are slaughtered at about 12 months of age with live weight of 18-20 kg 
(Ameha, 2006). Awet (2007), Mulu et al. (2008) and Tesfaye and Solomon (2008) reported 
carcass yield of 9.7, 9.6 and 9.6 kg in different indigenous breeds of sheep on different types 
of feeds, respectively. Even if the production potential of indigenous sheep breeds is low as 
compared to temperate breeds, their ability to survive and produce in the harsh and mostly 
unpredictable tropical environment is remarkable (Payne, 1990). This shows that there is 
scope for improvement through management practice such as improved feeding and veterinary 
service. 
 
2.2.  Characteristics of Arsi-Bale Sheep 
 
Arsi-Bale sheep are fat-tailed and covered with course wool (wavy wool). They are widely 
distributed in the highlands of eastern and southern Ethiopia, in Arsi, Bale, Hararghe and 
eastern Showa zone of Oromia Region and in parts of the southern region. The climate in this 
area varies from semi-arid to sub-humid. The production systems range from agro-pastoral to 
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mixed agriculture and some urban and peri-urban production. Arsi-Bale lambs weigh 2.7 kg at 
birth and 14.2 kg at 120 days of weaning (Kassahun and Solomon, 2008).  
  
Male Arsi-Bale sheep have minor wool growth in some parts of the body. Both males and 
females (about 52%) are horned and are large in size. The coat color is variable including  
brown (35.1%), brown with white patches (24.3%), black, white and combinations of these 
colors (Solomon et al., 2009). Crossbreeding of local Arsi-Bale with exotic breeds such as 
Hampshire, Merino and Corriedale improved lamb weights and the total weight per ewe 
lambing. The birth weights (kg) were 2.78 + 0.04 and 3.08 + 0.03 (50% exotic) and the 
weaning weights were 14.59 + 0.22 and 18. 41 + 0.17 (50% exotic) in Arsi-Bale and cross 
breed (Arsi X Exotic) sheep, respectively. It was also higher for 75% and 87.5% cross than for 
50% crosses (Teferawork, 1989).  
 
2.3.  Feed Resource for Sheep Production in Ethiopia 
 
Feed resources as reported by Adugna et al. (2012) can be classified as natural pasture, crop 
residue, improved pasture and forage and agro industrial by-products of which the first two 
contribute the largest share. The fibrous agricultural residues contributes a major part of 
livestock feed especially in densely populated areas where land is prioritized for crop 
cultivation. The same authors reported that crop residues contribute about 50% of the total 
feed supply in Ethiopia. Similarly, the naturally occurring grasses, legumes, herbs, shrubs and 
tree foliage are used as animal feed (Adugna, 2008). The availability of feed resources in the 
highlands of Ethiopia depends on the mode and intensity of crop production as well as 
population pressure (Seyoum et al., 2001). Crop residues represent a large proportion of feed 
resources in mixed crop-livestock systems (Malede and Takele, 2014). Reliance on crop 
residues for animal feed is increasing from time to time as more land is cropped to feed the 
fast growing human population. 
 
Feed is the single largest cost associated with raising small ruminants, typically accounting for 
60-65% of the total production cost of sheep (Lemus and Brown, 2008). In most production 
system of Ethiopia, extensive free grazing in communal lands and stubble grazing are the most 
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common practices of sheep feeding (Solomon et al., 2010), whereas limited grazing areas and 
cultivation of pasture lands causes loss of palatable forage species due to high grazing 
pressure. Agro-industrial by-products are also other potential feed resources that can be used 
as supplements to crop residues and poor quality natural pasture based diets. These include the 
by-products from flour milling, oil processing, sugar and brewery factories (Alemayehu, 
2006). Supplementation with agro-industrial by-products has been used in many developed 
countries for improving locally available nutrients of feed resources. Since feed cost accounts 
more to total cost in any livestock production, it is of paramount importance to incorporate 
locally available byproducts and raw materials into the feed of ruminant animals. 
 
2.3.1. The use of crop residues as animal feed  
 
Crop residues (cereal straw, stovers and grain legume haulms) make the bulk of the feed 
supply for ruminants in tropical farming systems. Crop residues are the plant materials 
remaining after food crops had been harvested. Straws from cereals such as tef, barley and 
wheat and pulse crops are stored after threshing and serve as a useful feed to animals in 
Ethiopian highlands (Solomon, 2004). In most intensively cultivated central highland, crop 
residues and aftermath grazing account for about 60-70% of the basal diet (Seyoum et al., 
2001). According to CSA (2004), residues of cereals and pulses account for about 26% of the 
total feed utilized and ranked second to grazing (64%) in mixed crop livestock production 
system of Ethiopia. The dominant crops grown in Sinana district of Bale highland are cereals 
(wheat, barley and emmer wheat) and highland pulses (field pea and faba bean). The crops 
grown are mainly used as household consumptions as well as a means of income generation 
whereas residues from cereal and pulse crops are the major source of livestock feed which 
contribute approximately 40% of dry matter of the total diet (Dawit et al., 2012). The principal 
crop residues available for livestock feeding in Sinana district of Bale highlands includes 
residues from cereals (maize, wheat, barley and emmer wheat), pulses (field pea and faba 
bean) and linseed (Solomon  et al., 2008). 
 
Faba bean is an annual legume botanically known as Vicia faba L. Ethiopia is the third main 
faba bean producing country in the world, next to China and UK, and there are large faba bean 
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varietal diversifications in Ethiopia (Metayer, 2004). Even though faba bean is grown in most 
parts of Ethiopia, up to an altitude of 3200 m above sea level, the highest concentration of 
production is observed in cereal-pulse Zones, between 2000-2700 m above sea level (Alem, 
1993). Pulse residues in Ethiopia are small in quantity as compared to cereal straws, but have 
higher nutritive quality compared to cereal straws (Lulseged and Jamal, 1989). The haulms of 
pulse crops (grain legumes) represent good quality roughage with a crude protein content of 5-
12% (Adugna, 2008). The palatability of faba bean haulms to animals is least compared with 
the palatability of other pulse hay or straws. However, it is totally consumed once animals 
become accustomed to it (Hawthorne, 2006). If bean haulm is properly harvested, it is a useful 
roughage feed for sheep but because of its thick fibrous stems, it is more difficult to dry than 
cereal straws and frequently become moldy during storage (McDonald et al., 2002). 
According to the same author, faba bean haulms are richer in protein, calcium and magnesium 
than cereal straws. 
 
According to Solomon et al. (2008), faba bean haulm had 94.4% DM, 10.3% Ash, 8.8% crude 
protein (CP), 59.2% neutral detergent fiber (NDF), 46.8% acid detergent fiber (ADF), 13.2% 
lignin, 12.4% hemicelluloses, 32.2% cellulose and 58.8% in vitro dry matter digestibility 
(IVDMD). Similarly, Ermias (2008) reported that faba bean haulm contained 94.9% DM, 
6.8% Ash, 7.7% CP, 48% NDF, 43.3% ADF, 17.9% lignin, 4.2% hemicelluloses and 25.9% 
cellulose. Additionally, Yetimwork (2005) reported that haulms of different faba bean 
varieties contained 90.5-92.4% DM, 83.9-88.7% OM, 10-13.6% CP, 11.3-16.2% ash, 33.1-
51.5% NDF, 30.4-42.4% ADF and 5.46-8.3% ADL, depending up on the varieties. 
 
Research conducted at Haramaya University showed that from five varieties (CS-20-DK, 
Tesfa, Mesay, Bulga-70 and local bean)  of faba bean evaluated at Haramaya and Hirna sites, 
straw dry matter yield varied from 3.4 t/ha to 7.1 t/ha, and also straw to grain ratio 
significantly different at both sites with the mean value of 1.5 and 3.2 and similarly plant cell 
wall contents (NDF and ADF), grain yield and harvest index were significantly different 
among the varieties at both locations (Yetmwork, 2005).  The same author observed that in 
vitro dry matter digestibility (IVDMD) of these varieties ranges from 65% to 73.8%, and also 
there was significant deference in dry matter degradability and the potential utility index 
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indicated that there are varieties, which combined high grain yield, IVDMD, straw dry mater 
yield and potential utility index. This shows that there is a possibility of selecting faba bean 
varieties for straw yield and straw quality without negatively affecting grain yield. 
 
2.3.2. The use of agro-industrial by-products as animal feed  
 
Agro-industrial by-products are the by-products of the primary processing of crops, including 
bran and related by-products of flourmills, oilseed cakes from small and large-scale oil 
processing plants and by-products of the sugar factory such as molasses. These by-products 
such as oilseed cakes and meals, wheat bran and molasses are important components of the 
concentrate feeds. Most tropical forages are low in nutrient content and cannot supply 
adequate nutrient for optimum animal performance. Agro-industrial by-products along with 
grazing and scavenging are important source of feed ingredients for sheep production and they 
can be grouped according to their nutrient contents namely: energy rich supplements (<20% 
CP and <18% CF), protein rich supplements (≥ 20% CP and < 18% CF), and miscellaneous 
by-products mostly supply minerals as well as energy and protein such as by-products from 
brewery, fruit and vegetable industries (Ranjhan, 2001). Agro-industrial by-products such as 
noug seed cake, linseed meal, barley and wheat bran are important source of protein and 
energy for supplementing basal diet (Getahun, 2006). 
 
Effect of supplementing noug seed cake on the performance of sheep   
 
“Noug” seed (Guizotia abyssinica) cake is one of the by-products of oil processing from 
“noug” seed that can be used as a protein supplement in animal feeding. Annually, about 
84,802.34 tons of “noug” seed are produced in Ethiopia and oil extraction is done almost 
entirely by mechanical press with predominantly old machines used in the milling industry 
(CSA, 2003). The protein content of “noug” seed cake depends on variety and method of 
processing, as processes that affect efficiency of edible oil extraction equally affect the cake 
quality (Alemu, 1981). With the exception of cystine and methionine, which are low in 
“noug” seed cake, the balance among the essential amino acids in the cake is good. When 
added to energy source feeds, it can improve feed intake, digestibility and animal performance.  
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Research report showed that “noug” seed cake contains 91.9% DM, 29% CP, 11.2% ash, 
38.5% NDF, 28.3% ADF, 11.2% ADL and 7.1% EE (Wondwosen, 2008).  Mesganew (2014) 
observed the average daily gain of 45.1-64.4 g/day for Washera sheep fed grass hay as a basal 
diet and supplemented with field pea hull and concentrate mix (wheat bran and “noug” seed 
cake in 2:1 ratio). Better response in live gain (78.4g/day) in Farta sheep fed grass hay and 
supplemented with “noug” seed cake and wheat bran at a ratio of 67:33 was recorded (Fentie, 
2007). Sheep fed a basal diet of hay supplement with rice bran, “noug” seed cake and their 
mixtures at different proportions recorded mean daily body weight gain in the range of 55.5- 
57.8 g/day (Abebaw, 2007). 
 
Effect of supplementing wheat bran on the performance of sheep  
 
Wheat bran is the course outer covering of the wheat kernel as separated from cleaned and 
scoured wheat in a usual process of commercial milling. The wheat grain consists of about 82 
percent endosperm, 15 percent bran and 3 percent germ. In modern flour millings, the 
objective is to separate the endosperm from the bran and germ (McDonald et al., 2002). Wheat 
bran consists primarily of the seed coat of wheat, which is removed in the manufacture of 
wheat flour. It is quite palatable and is well known for its laxative characteristics because of its 
swelling and water holding capacity. These characteristics of wheat bran are due to its fiber 
and non-starch carbohydrate content (Cheeke, 1991). It will act as an addition to pasture feed, 
it may even help when the quality of pasture is poor or in limited supply. Wheat bran pellets 
when fed at recommended rates are comparatively safe to use and provide another opportunity 
to increase productivity, without decreasing pasture intake or adversely affecting the rumen 
environment.  
 
Wheat bran is very variable in composition. The chemical composition of wheat bran on as 
dry matter basis was reported to be 89% DM, 18% CP, 14% ADF, 47% NDF and 70% TDN 
(Stanton and Levalley, 2008).  In another study, Awet (2007) reported the chemical 
composition of wheat bran to be 87.4% DM, 4.0% ash, 96.0% OM, 16.4% CP, 35.3% NDF, 
8.3% ADF and 2.2% ADL. Study conducted on Arsi-Bale sheep fed a basal diet of hay and 
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supplemented with linseed meal, wheat bran and their mixtures in different proportions 
reported that the supplemented animals gained in the range of 69.0-104.1 g/day (Abebe, 2006). 
 
2.4. Effect of Crop Residues with Concentrate on Sheep Performance 
 
2.4.1. Feed intake  
 
Feed intake is the first parameter that determines animal production (Savadogo et al., 2000), 
which is likely to be influenced by the animal, characteristics of the feed and other 
environmental factors. The dry matter intake is dependent up on many factors like the density 
of energy in the diet, digestibility, succulence, amount of crude fiber and the physical nature of 
the feed (Rehrahie et al., 2003). Feed intake in ruminants consuming fibrous forages is 
primarily determined by the level of rumen fill, which in turn is directly related to the rate of 
digestion and passage of fibrous particles from the rumen (McDonald et al., 2002). Feeds that 
are digested rapidly are also of high digestibility and promote high intake. The author also 
noted that the faster the rate of digestion, the more rapidly is the digestive tract is emptied and 
the more space is made available for the next meal. There is a positive correlation between 
digestible fraction of the feed and DM intake. Feed intake is negatively impacted by the 
quantity of indigestible fractions (such as lignin) or fractions with low digestibility like NDF 
and ADF content due to the need of more retention time in the rumen for further fermentation 
(Bruinenberg et al., 2003). Obviously, the high NDF and ADF contents in the diet are 
expected to increase resistance to physical breakdown and contribute to more ruminal fill 
resulting in a lower voluntary intake. Feed that is low in protein and high in fiber content 
results in low digestibility and voluntary feed intake (Adugna et al., 2002).  
 
Supplementation of concentrate to poor quality roughages stimulated microorganism function 
in the rumen, reduced retention time and thus increased the intake of poor quality feeds (Do 
Thi, 2001). Concentrate supplies more easily degradable components to fibrolytic 
microorganisms that improve fiber degradation (Liu and Lee, 2005). The highest roughage 
DM intake comes synchronously with the highest ruminal fibrolytic activities. If ruminants are 
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offered un-supplemented low quality roughage, there will be a loss in body weight because of 
inability to meet both energy and protein requirements.  
 
In feeding system where straws and grass hay are the basic diet of ruminants, the low intake of 
these roughages requires supplementation to meet the requirements for production. Addition 
of crude protein supplement may stimulate efficient rumen fermentation, more passage rate 
and intake. Awet (2007) reported that among the supplemented treatments, sheep fed the 
medium (250 g) and high level (350 g) of wheat bran supplement had significantly higher total 
DM intake which was 883.8 and 963.74 g/day/head, respectively compared to those fed low 
level (150 g) of supplementation which consumed 826.38 g/day. Similar research conducted at 
Bekoji Agricultural Technical Vocational Education and Training College showed that the 
daily dry matter intake of Arsi-Bale sheep fed faba bean haulms and supplemented with barley 
bran, linseed meal and their mixtures at different proportions was 434.8- 753.3 g/head/day 
(Ermias, 2008). 
 
2.4.2. Digestibility  
 
The digestibility of a feedstuff is the proportion of the feed or of any single nutrient of the feed 
which is not recovered in feces (Ranjhan, 2001). Although the potential value of a feed can be 
approximately determined by proximate analysis, the actual value of the feed to the animal can 
be determined only if the digestibility is known. The digestibility coefficients of various 
nutrients from the same feedstuffs is affected by species of the animal, age of the animals, 
level of feeding, feed composition and ration composition (Ranjhan, 1999). The primary 
chemical composition of feeds that determines the rate of digestion is neutral detergent fiber 
which is itself a measure of cell wall content; thus there is a negative relationship between the 
neutral detergent fiber content of feeds and the rate at which they are digested (McDonald et 
al., 2002). The fiber fraction of feed has the greatest influence on its digestibility (McDonald 
et al., 2002). Barkie and Hogan (1996) indicated that much of the energy contained in the fiber 
of sheep diet requires fermentation by microbial enzymes to hydrolyze the linkage in the fiber. 
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Digestibility of a feed is influenced not only by its composition, but also by the composition of 
others feeds consumed with it. For the ruminant to express their full genetic potential for 
growth, the apparent digestibility should exceed 70% on dry weight basis. When apparent 
digestibility is 60%, performance will be intermediate and the minimum range of apparent 
digestibility to assure body maintenance needs is 42-45%, whereas at lower digestibility of 
feeds animals lose weight (McDowell, 1988). 
 
For satisfactory digestion of poor roughage, adequate amount of supplementation is needed. 
The addition of small amount high quality concentrate will increase rumen digestion. Apparent 
digestibility was improved when “noug” seed cake was used as a sole supplement or at higher 
proportions as compared to hay alone or supplementation with sole rice bran (Abebaw, 2007). 
Similarly, supplementation with legume crop residues contributes fermentable energy to the 
rumen in the form of available cellulose and hemicellulose, which stimulate fiber digestion 
(Silva and Ørskov, 1985). Reddy (1997) reported that supplementation of legume straw 
increase nutritive value and crude protein digestibility of rice straw. According to Koralagama 
et al. (2008), supplementation of cowpea haulms increased digestibility of dry matter, organic 
matter and neutral detergent fiber in male Ethiopian highland sheep fed a basal diet of maize 
stover. Additionally, supplementation of linseed meal, barley bran and their mixture to faba 
bean haulms fed to Arsi-Bale sheep improved the digestibility of organic matter, crude protein 
and neutral detergent fiber without affecting dry matter digestibility (Ermias, 2008). Similarly, 
Ajayi et al. (2008) showed that forage legume supplementation significantly improved dry 
matter, organic matter, crude protein and acid detergent fiber digestibility due to the fact that 
forage legumes enhance efficient rumen fermentation which optimizes microbial growth for 
increased digestibility. 
  
2.4.3. Body weight change  
 
Body growth commonly refers to an increase in size or weight of animals (Warriss, 2000). It is 
crude because change in body weight of intestinal contents, which in ruminants may often 
account for 20% of body weight gain (McDonald et al., 2002) affects body weight of the 
animal. Nutrition is perhaps the most important consideration in livestock management as it 
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has much influence on growth rate and body composition. Nutrition level largely determines 
growth rate in lambs and kids (Sayed, 2009). Animal performance is a function of feed intake 
and the relative digestibility of the diet that leads towards nutrient availability (Topps, 1995).  
 
Rate of weight gain of sheep is influenced by the type of management of animals and stage of 
growth (Takele et al., 2006). Larbi and Olaloku (2005) suggested that with increasing level of 
crude protein in the diets of small ruminants there is a proportional improvement in average 
daily gain and hence growth performance. Similarly, increasing protein and energy levels in 
the diet improves average daily body weight gain and feed conversion efficiency of animals 
(Ebrahimi et al., 2007). Increasing the energy level may allow the production of more 
fermentable metabolizable energy for rumen microorganisms resulting in a rise in the 
synthesis of microbial protein and the amount of protein available to the animal (Sayed, 2009). 
 
2.4.4. Carcass characteristics  
 
Definition of carcass varies somewhat in the different species and in different live dressing 
specification and methods of preparation for sale. Carcass is made up of various proportions of 
muscle, bone and fat and that eventually to be sold as joint or steaks. The ideal carcass can be 
described as the one that has a minimum amount of bone, a maximum amount of muscle and 
an optimum amount of fat (Ameha, 2008). According to Pinkerton (2009) the most common 
carcass quality assessment in small ruminants is particularly focusing on dressing percentage 
and muscling or meatiness. The same author stressed that muscling, not body fat, is the most 
important measure of sheep and goat carcass characteristic evaluation. 
 
Carcass weight depends on the rate of gain, weight at slaughter and dressing percentage of the 
animals (Rahman, 2007a). Dressing percentage is an important trait in carcass merit 
evaluation. It is affected by age, sex, castration and plane of nutrition (Pond et al., 1995), 
amount of gut fill at slaughter and whether the carcass is weighed hot or cold. It might also be 
affected by organ to be included in dressed carcass or removal of some visceral organ during 
hot carcass measurement (Tesfaye et al., 2008). Concentrate supplementation can improve the 
performances of animals in carcass parameters. Concentrate supplementation reduces age at 
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slaughter, increases carcass quality and meat output of animals (Hango et al., 2007). Meat 
production from sheep was improved in terms of body weight gains and better composition by 
increasing energy and protein levels in the diet (Maghomp and Early, 2000). The energy and 
protein feeding level for sheep growth should be higher than maintenance requirement. 
Hosseini et al. (2008) also concluded that increasing energy level in lambs’ diet resulted in 
increasing growth and carcass performance. 
 
Research conducted at Alage Agricultural Technical and Vocational Education and Training 
College showed that there where high DM intake, mean daily body weight gain, dressing 
percentage and large rib-eye muscle area in sheep fed high level of supplementation of wheat 
bran and “noug” seed cake on DM basis compared to the low level of supplementation 
(Tesfaye, 2008). Arsi Bale sheep fed a basal diet of hay and supplemented with linseed cake 
and wheat bran at different proportion had better weight in carcass parameters and a 
significantly higher rib-eye muscle area (Abebe, 2006). Birhanu (2010) reported that carcass 
weight decreased with decrease of dietary protein and energy level which resulted in decreased 
slaughter weight and dressing percentage when Arsi-Bale sheep were fed a basal diet of faba 
bean haulm supplemented with malt barley byproduct, wheat bran and their mixture. Awet 
(2007) reported that there were high dressing percentage and large rib-eye muscle area in 
sheep fed high level of supplementation (350 g) of wheat bran compared to sheep 
supplemented with the low (150 g) and medium level of supplementation (250g). 
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3. MATERIALS AND METHODS 
 
3.1. Description of the Study Area 
 
The experiment was conducted at Sinana Agricultural Research Center (SARC) which is 
located in Bale zone of Oromia Regional State, south eastern Ethiopia. The center is in Sinana 
district of Bale highland, 463 km south east of Addis Ababa at 07 07' N latitude and 400 10’ E 
longitudes and at an altitude of 2400 m above sea level. The average annual maximum and 
minimum temperature are 210C and 90C, respectively. The rainfall pattern is bimodal with 
annual precipitation ranging from 750 to 1000 mm. Two cropping seasons are known in the 
study area, locally known as Bona (Meher) from August to December and Ganna (Belg) from 
March to July. The farming system is mainly mixed crop livestock production system and the 
major livestock raised in the study area are cattle, sheep, goats, equines and poultry. The 
common food crops grown around Sinana area are cereals (mainly wheat), highland pulses, 
highland oil crops and horticultural crops (SARC, 2014). 
 
3.2. Data for Grain and Straw Yield, straws to Grain Ratio and Harvest 
 Index of Faba Bean Varieties 
 
The experimental faba bean varieties (Mosisa, Walki, Degaga, Shallo and local) were planted 
at Sinana on station by farm management of the center on 0.25 hectare (50m X 50m) each 
during 2014 “bona” (mehar) cropping season. The soil is vertsol and the mean rain fall and 
temperature during the study period were 697 mm and 15.6 0C respectively. The varieties were 
sown by broadcasting method with uniform seed rate without fertilizer application and all 
agronomic practices were uniformly employed.  From the larger plot of 50m X 50m, by using 
a quadrant of 1m X 1m (1m2), thirty representative plots for each varieties were taken for grain 
and straw yield, straw to grain yield and harvest index determination. Harvesting of the plots 
was done after proper drying of the grain (at ca. 10% moisture content in the grain). After the 
plots were harvested and separated into grain and straw yield, grain yield was taken as the total 
weight of seeds harvested per plot and straw weight was obtained by subtracting grain weight 
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from total biomass weight and converted to DM basis based on their oven DM percentage. 
Straws to grain ratio was determined and harvest index (HI) was calculated as the percent 
proportion of grain yield to total above ground DM yield multiplied by 100 (Fleischer et al., 
1989). 
 
3.3. Experimental Animals and their Management 
 
Forty sheep with similar initial body weight were purchased from the nearby town (Selka and 
Alemgena) and selected and used for the experiment. Ages of the sheep were estimated based 
on dentition and information obtained from the owners of the sheep (seller) during purchasing. 
The animals were held in quarantine for 21 days and observed for any health problem. During 
quarantine period, albendazole 300 gram/head was given for endo- and ecto- parasites as well 
as vaccinated for Ovine pesteurellosis and sheep pox. The sheep were ear tagged for 
identification. Animals were blocked on the basis of their initial body weight into eight blocks 
of five animals each and placed in individual pen equipped with a bucket and a feeding 
through in a well-ventilated experimental barn. Additional adaptation periods of 15 days 
before actual data collection were given to acclimatize the animals to the feed, pens and 
experimental procedures. The experimental animals were carefully observed for the 
occurrence of any ill health and records were taken for any physiological disorder during 
experimental period.  
 
3.4. Feed Preparation and Feeding 
 
Crop residues of faba bean varieties, i.e. Mosisa, Walki, Degaga, Shallo and local varieties 
(Table 1) were collected in 2014 cropping Bonna (Meher) season from the Farm Management 
Team of SARC. Straws of each variety were threshed by a combiner and chopped using a 
chopping machine (Trapp forage shredder and hammer mill, TRF 300E) to pass a strainer of 
12 mm in order to minimize wastage and selection by sheep. Concentrate feeds; “noug” seed 
cake and wheat bran were purchased from oil extracting industry (Modjo) and flour milling 
industry (Robe) respectively and stored properly at the experimental site. A local mineral soil 
known as “Bole” from Lake Abjata was purchased and 12 grams/head were included in the 
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feed according to Sisay et al. (2007) which found 11.8 g/head mineral soil “bole” in take by 
Black head Somali sheep provided free access. Salt (1%) was added. Diet formulation was 
done on DM basis and to prepare a complete ration composed of 30% of concentrate (2:1 ratio 
of wheat bran and “noug” seed cake, respectively) and 70% of straws of each variety were 
mixed uniformly. Feeds enough for the entire experimental period were prepared before the 
actual experiment commences. Sheep were offered uniformly mixed ration ad libitum at 20% 
refusal rate and the amount of feed offered was adjusted every five days based on the average 
feed consumed during the previous period. The diet was divided in to two equal portions and 
offered at 08:00 and at 16:00 h. Water was provided to all animals’ free choice. 
 
Table 1. History of faba bean varieties from their respective crop variety registration book. 
No  Variety  Yield 
(Qt/ha) 
Days to 
Maturity 
Year of 
Release 
Maintainer/ 
Breeder 
1 Mosisa (EH99047-1) 32-48 142 2013 SARC 
2 Walki (ET96049-2) 24-52 140 2008 HARC 
3 Degaga (R-878-3) 27-42 125 2002 HARC 
4 Shallo (ET011-22-1) 31-46 118 2000 SARC 
5 Local - - - - 
SARC= Sinana Agricultural Research Center, HARC= Holleta Agricultural Research Center 
 
3.5. Experimental Design and Treatments 
 
The experiment was conducted in a randomized complete block design. Animals were 
categorized into eight blocks each containing five animals based on initial body weight of the 
sheep. Animals from each block was randomly allocated to the five treatment groups (Table 
2), giving eight replications per treatment. 
 
Table 2. Experimental treatments 
Treatment  Faba Bean Crop  Roughage:Concentrate1 Ratio Amount Offered  
 Residues     
T1 Mosisa 70:30 Ad libitum  
T2 Walki 70:30 Ad libitum  
T3 Degaga 70:30 Ad libitum  
T4 Shallo 70:30 Ad libitum  
T5 Local 70:30 Ad libitum  
1Concentrate mix 2:1 ratio of wheat bran (WB) and “noug” seed cake (NSC), respectively 
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3.6. Measurements 
 
3.6.1. Digestibility trial 
 
Digestibility trial was conducted using all experimental sheep before the commencement of 
the feeding trial. Following an adaptation period of 15 days, the digestibility trial lasted for 10 
days with a 3 days adaptation period to accustom the sheep to carrying the fecal bags, which 
was followed by a total collection of feces for seven consecutive days. During this period, 
daily feed offered and refusal per animals was collected and the latter was bulked per 
treatment. Fresh feces were collected into a fecal collection bag carried by the animal and 
recorded for each sheep throughout the digestibility trial. The total fecal output was collected 
by emptying the bag per day per animal each morning prior to offering feeds and water. The 
feces were weighed fresh, thoroughly mixed and 20% of the feces was sampled for each sheep 
and stored in a deep freezer at -18°C. The samples were pooled per animal over the collection 
period and 20% of the composite sample was taken, weighed and partially dried at 60°C for 72 
hours. The dried fecal samples were milled to pass through a 1mm sieve and stored in airtight 
polyethylene bags for further chemical analysis. The laboratory DM of the feces was 
determined by drying the partially dried samples in oven at 105 0C overnight. The total feces 
DM were determined by multiplying partial DM of the feces with laboratory DM of the feces. 
Apparent digestibility of DM and other nutrients was determined as a percentage of the 
nutrient intake not recovered in the feces using the following formula: 
 
           Percent Apparent Digestibility = (Nutrient Intake – Nutrient in Feces) X 100 
                                                                           Nutrient Intake 
 
3.6.2. Feeding trial  
 
The 90 days of feeding or growth experiment was conducted after the completion of the 
digestibility trial and 10 days of rest period. The sheep were re-randomized based on their 
body weight at the beginning of the feeding trial and allocated to each treatment diet. The 
daily feed offered and refusals were weighed and recorded for each sheep. Daily feed and 
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nutrient intake were calculated as the difference between the feed offered and refused. 
Samples of feed offered were collected per batch while samples of refusal were taken from 
each sheep daily and pooled per treatment over the experimental period and stored in plastic 
bags. Sub-samples of feed offered and refusal were taken after thorough mixing for nutrient 
composition determination, and the sub-samples taken were dried at 600C for 72 hours in a 
forced draft oven for chemical analysis. 
 
3.6.3. Body weight change 
 
Body weight of the animals was taken at the beginning of the feeding trial after overnight 
fasting and every 10 days during the 90 days of feeding trial. All animals were weighed in the 
morning hours after overnight fasting before feed provision using weighing balance with a 
sensitivity of 100 grams. Daily body weight gain was calculated as the difference between 
final live weight and initial live weight divided by the number of feeding days. Feed 
conversion efficiency (FCE) was calculated according to the following formulas (Brown et al., 
2001) as follows: 
FCE =   Daily body weight gain (g) 
        Daily feed intake (g) 
 
3.6.4. Carcass parameters 
 
At the end of the experiment, half of the sheep in each trial were slaughtered after 24 hours 
fasting to determine the effects of treatment feeds on carcass parameters. Immediately before 
slaughter, slaughter body weight was taken. The animals were killed by severing the jugular 
vein and the carotid artery with a knife. Blood was collected, weighed and recorded. Skin was 
properly flayed and weighed. Empty body weight was calculated as the difference between 
slaughter weight and gut content. The hot carcass weight was estimated after removing weight 
of the head, thorax, abdominal and pelvic cavity contents as well as legs below the hock and 
knee joints.  
 
The edible offal components (EOC) namely, blood, liver, kidney, heart, tongue, reticulo-
rumen, omasum- abomasum, small and large intestine, testicles, tail and fats (kidney, heart, 
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omental, scrotal and pelvic) were weighed and recorded individually. Total edible offal 
components (TEOC) were calculated as the total sum of the edible offal components. The non-
edible offal components (NEOC), namely, head (without tongue), skin, lung plus trachea, 
pancreas, spleen, bladder, gall bladder, gut fill, genital organ and feet with hooves were 
weighed and recorded. Total non-edible offal components (TNEOC) were calculated as the 
total sum of the non-edible offal components. 
 
The main carcass component was split down at the vertebral column having the two sides as 
symmetrically as possible and the right parts were stored in a deep freeze at -40c over night for 
properly partitioning the carcass in to bone, muscle and fat. The frozen carcass (right part) was 
divided in to five main primal cuts carcass components namely: leg, loin, rack, breast and 
shank and shoulder and neck. The carcass was cut perpendicular to the back bone between the 
12th and 13th ribs to measure the cross-sectional area of the rib-eye (longissimus dorsi) muscle 
area (Purchas, 1978). The rib eye area were traced first on transparency paper then on a graph 
paper and the area was calculated by counting the squares on graph paper and multiplying with 
their area after the rib eye area was transferred to graph paper. The five main primal cut 
carcass components were partitioned to bone, muscle and fat and each part was weighted and 
recorded. The dressing percentage was calculated as the proportion of hot carcass weight to 
slaughter and empty body weight. 
 
3.7. Laboratory Analysis 
 
The chemical analysis of the experimental feeds, refusals and feces were carried out after 
taking the representative samples and taken to International Livestock Research Institute 
(ILRI) nutrition lab, Ethiopia. Samples of feed offered, refusals and feces were ground to pass 
a 1 mm sieve mesh. Analysis for DM, ash and N contents were done according to AOAC 
(2005) procedures. Dry matter and ash contents of representative samples of feed and feces 
were determined by oven drying at 1050C overnight and by igniting in a muffle furnace at 
6000C for 6 h, respectively. Nitrogen (N) content was determined by using Kjeldahl method 
and crude protein (CP) was calculated as N×6.25. Neutral detergent fiber (NDF), acid 
detergent fiber (ADF) and acid detergent lignin (ADL) were determined by using the 
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procedures of Van Soest and Robertson (1985). The in vitro organic matter digestibility 
(IVOMD) and Metabolizable energy (ME) content of the experimental feeds were estimated 
using the equation of Menke and Steingass (1979).  
 
3.8. Data Analysis 
 
Data on feed intake, digestibility, body weight change and carcass parameters were subjected 
to analysis of variance using the General Linear Model Procedure of SAS (SAS, 2002). When 
significant, least significant difference (LSD) was used to locate differences between the 
treatment means. Data were analyzed using the following model for complete randomized 
block design: 
  Yij = μ + Ti + Bi + Eij, where: 
   Yij = Response variable 
     μ = Overall mean 
     Ti = Treatment effect 
     Bi = Block effect, and 
     Eij = Random error 
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4. RESULTS AND DISCUSSIONS 
 
4.1. Evaluation of Grain and Straw Yield, Straws to Grain Ratio and 
 Harvest Index of Faba Bean Varieties  
 
Grain and straw yield, straws to grain ratio and harvest index of the varieties used for this 
experiment is presented in Table 3. Improved varieties (Mosisa, Walki, Degaga, shallo) had 
greater (P<0.001) grain yield than the local variety. The grain yield (4.1-4.4 t/ha) obtained 
from improved varieties of faba bean in the current study were higher than 3.1-3.98 t/ha and 
1.9-2.6 t/ha at Haramaya and Hirna sites respectively  for four improved varieties (Tesfa, 
Bulga-70, CS-20-Dk, Mesay) of faba bean evaluated by Yetimwork (2005).  The same author 
revealed that local bean grain yield obtained from the two sites (Haramaya and Hirna) ranges 
from 2.1-3.9 t/ha in which the current grain yield (2.9 t/ha) of the local bean was in the range 
of the previous results. The variations in grain yield among the current and earlier results 
might be due to variation in location and environmental condition of the study area. Straw 
yield from Mosisa (5.1 t/ha) variety had significantly greater (P<0.001) than all other varieties 
and that obtained from Shallo (4.5 t/ha) variety was higher (P<0.001) than Walki, Degaga and 
local varieties. The straw obtained from Walki (4 t/ha) and Degaga (3.9 t/ha) were higher 
(P<0.001) than straw obtained from local (3.3 t/ha) variety. The straw obtained (3.3-5.1 t/ha) 
from the current experiment was in the range of 3.4-7.1 t/ha straw obtained from five varieties 
of faba bean evaluated at Haramaya and Hirna sites by Yetimwork (2005).  
 
As far as straws to grain ratio concerned, Mosisa, Shallo and Local varieties had significantly 
higher (P<0.001) straws to grain ratio than Walki and Degaga varieties. The crop residue to 
grain ratio (0.9-1.2) for the current study were lower than 1.5-3.2 crop residue to grain ratio 
reported by Yetimwork (2005) for five varieties of faba bean. This might be attributed to the 
higher grain yield of the current varieties than the earlier varieties. Harvest index for Walki 
and Degaga varieties had significantly greater (P<0.001) than Mosisa, Shallo and local 
varieties. The harvest index (45.8-51.8%) obtained from the present study were greater than 
23.9-49.6% harvest index for five varieties of faba bean evaluated at Haramaya and Hirna sites 
by Yetimwork (2005). Even though this study was based on a single growing year and a single  
23 
 
 
location and should be confirmed across year and location, the overall results of grain and 
straw yield, straws to grain ratio and harvest index showed significant varietal differences 
among the tested varieties and Mosisa variety in straw yield and Walki and Degaga varieties in 
harvest index performed better than others. 
 
Table 3. Grain and straw yield, straws to grain ratio and harvest index of faba bean varieties 
Paramet
ers  
Varieties Mean + 
SEM 
CV 
(%) 
lsd LS 
 Mosisa Walki Degaga Shallo Local     
GY (t/ha) 4.4a 4.2a 4.2a 4.1a 2.9b 3.9 + 0.08 23.7 0.5 *** 
SY (t/ha) 5.1a 4.0c 3.9c 4.5b 3.3d 4.2 + 0.08 21.5 0.5 *** 
SY : GY   1.17a 0.96b 0.95b 1.19a 1.22a 1.1 + 0.02 26.4 0.2 *** 
HI (%)  46.6b 51.3a 51.8a 46.8b 45.8b 48.5 + 0.47 10.8 2.7 *** 
CV=coefficient of variation; GY=grain yield; HI=harvest index; lsd=least significant 
difference; LS=level of significance; SEM=standard error of the mean; SY=straw yield;      
SY: GY=straw yield to grain yield ratio 
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4.2. Chemical Composition of Treatment Feeds and Refused 
 
The chemical compositions of experimental feeds offered and refused are given in Table 4. 
The CP contents of different varieties of faba bean straws in this study varied from 4.3% 
(Mosisa straw) to 6.2% (local straw). This level of CP contents for all straws in this study was 
below the CP content of 7-7.5% required to satisfy ruminal microbial demands for nitrogen 
that would provide sufficient CP for the maintenance requirement of the animal (Van Soest, 
1994). The values were comparable with 5.8% CP for faba bean haulms reported by Seyoum 
et al. (2007) but lower than the values previously reported by others such as 7.2% CP content 
of faba bean haulms reported by Lulseged and Jamal (1989), 10-13.6% CP for five varieties of 
faba bean straws reported by Yetimwork (2005), 7.7% CP for faba bean haulm reported by 
Ermias (2008). Various studies noted a range of 5.4-12.7% CP values for haulms of other 
pulse crops such as haricot bean, lentil, chick pea and vetch (Likawent et al., 2005; Emebet, 
2008; Takele, 2010).  
 
The values of NDF contents of all faba bean straws in the present study were 75.9-82.2% 
which categorized these straws as low quality feed since Singh and Oosting (1992) pointed out 
that roughage feeds containing NDF values of less than 45% to be classified as high, those 
with values ranging from 45 to 65% as medium and those with values higher than 65% as low 
quality. The NDF contents of different faba bean straws in the present study were higher than 
74.3%, 33.1-51.5%, 74.4% and 48% NDF for faba bean haulms reported by Lulseged and 
Jamal (1989), Yetimwork (2005), Seyoum et al. (2007) and Ermias (2008) respectively. The 
values of ADF contents obtained from different varieties of faba bean straws in this study 
ranging from 63.4-69.9% also categorized all straws as low quality feed as Kellems and 
Church (1998) indicated that roughage with less than 40% ADF are categorized as high 
quality and those with greater than 40% as poor quality. The values were consistent with 
earlier reports of 63.9% ADF reported by Seyoum et al. (2007) and higher than 30.4-42.4% 
and 43.3% of ADF reported by Yetimwork (2005) and Ermias (2008) in that order for faba 
bean haulms. The higher the ADF content of a feed, the lower the nutritive value of that feed 
and vice versa. 
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Table 4. Chemical composition of experimental feed offered and refused 
Feed  DM  Ash CP NDF  ADF ADL HC Cel  IVOMD       ME 
offered  (% )                                   (%DM) MJ/kg DM 
Mosisa  89.8 5.5 4.9 78.8 69.1 13.3 9.7 55.8 48.1 6.9 
Walki  89.2 7.1 5.1 75.9 63.4 12.8 12.5 50.6 49.4 7.1 
Degaga  89.8 6.2 5.2 79.7 67.0 13.3 12.8 53.7 51.6 7.5 
Shallo  90.9 5.6 4.3 82.2 69.9 13.9 12.8 56.1 45.1 6.5 
Local  89.6 8.5 6.2 79.6 65.6 13.7 14.0 51.9 62.6 9.2 
WB 86.3 3.4 13.0 44.7 10.9 2.1 33.7 8.8 84.5 11.9 
NSC 88.6 11.6 26.8 44.6 32.9 12.9 11.7 20.0 69.4 8.1 
Refused 
feed 
          
T1 91.8 4.8 4.0 81.0 70.7 16.6 10.3 54.1 43.6 6.2 
T2 91.1 5.0 3.9 82.0 70.7 15.9 11.2 54.8 45.6 6.6 
T3 90.9 6.2 4.0 78.6 68.8 14.7 9.76 54.1 46.7 6.8 
T4 90.4 4.3 3.5 84.6 70.5 15.0 14.1 55.5 40.4 5.7 
T5 91.1 6.6 3.9 76.0 68.2 15.2 7.8 53 42.0 5.9 
ADF=acid detergent fiber; ADL=acid detergent lignin; Cel=cellulose; CP=crude protein; 
DM=dry matter; HC=hemicelluloses; IVOMD=invitro organic matter digestibility; 
ME=metabolizable energy, NDF=neutral detergent fiber; NSC=noug seed cake; WB=wheat 
bran. T1=70% mosisa straw + 30% concentrate mix; T2=70% walki straw + 30% concentrate; 
T3=70% degaga straw + 30% concentrate; T4=70% shallo straw + 30% concentrate; T5=70% 
local straw + 30% concentrate. 
 
Even though all faba bean straws in the current study were categorized under low quality feeds 
based on their NDF and ADF contents, there is a difference in the values of the different 
varieties. A straw obtained from Walki variety had 75.9% NDF and 63.4% ADF, which was 
lower than other varieties whereas Shallo variety had the highest cell wall fraction with 82.8% 
NDF and 69.9% ADF compared to the other faba bean straws considered.  This slight 
variation might have impact on feed intake as NDF and ADF contents of feedstuffs are 
generally negatively correlated with voluntary feed intake and digestibility of feeds, 
respectively.   
 
The IVOMD values of straws for Local (62.2%) and Degaga (51.1%) were higher, that of 
Walki (49.4%) were comparable whereas that of Mosisa (48.1%) and Shallo (45.1%) were 
lower than the critical threshold level of 50% required for feeds to be considered as having 
acceptable digestibility (Owen and Jayasuriya, 1989).  This variation of straws among 
varieties indicates the possibilities of selecting faba bean varieties for crop rotation and 
simultaneously obtaining better quality straws that can be used as animal feed. The 
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experimental straws contained 6.5-9.2 MJ/kg DM (Table 4) of metabolizable energy. In 
addition, the CP content of the refused feed recorded in the present experiment was lower than 
that of the offered feed. The NDF, ADF and ADL contents were higher in refusal than that of 
the offered feed indicating the ability of sheep to select for feed fractions with lower fiber 
content and hence better nutritive value. 
 
The inconsistency in proximate chemical composition of the feeds used in the present study 
from previous similar studies might be related to varietal difference and plant morphological 
components mainly leaf to stem ratio (Adugna, 2001). Factors such as time of harvest, 
handling and storage conditions and threshing methods affect the nutritive value of crop 
residues and might have brought the difference observed between different studies. The 
current faba bean straws were harvested after they were fully dried and stored in the field until 
threshed using a threshing machine, which resulted in leaf shattering. Leaves shattering have 
its own effects on protein contents as leaf has high proportions of CP contents. Moreover, 
chemical composition of a feeds is highly variable not only between straw types, but also 
within each class of straw (López et al., 2005). 
 
The CP content of wheat bran obtained in this study (13%) was higher than 11.2% reported by 
Eyob (2010), comparable with 13.7% reported by Meaza (2012) and lower than the earlier 
reports of 16.1%, 14.9% and 16% reported by  Jemberu (2008), Tesfaye (2008) and Takele 
(2010) in that order. It was also within the range of 13-22% CP reported by others (Hamid et 
al., 2007; Eiman et al., 2008). The NDF content of wheat bran used in the present experiment 
(44.7%) was greater than 39.2 and 41% NDF reported by Jemberu (2008) and Tesfaye (2008) 
respectively and lower than 58%, 50% and 61.2% NDF reported by Emebet (2008), Dejene 
(2010) and Takele (2010) respectively. Similarly the ADF values of wheat bran obtained from 
the current study (10.9%) were lower than the range of 12-14.6 % ADF values previously 
reported by some other researchers (Emebet, 2008; Jemberu, 2008; Stanton and LeValley, 
2008; Tesfaye, 2008 and Dejene, 2010) but higher than 8.27% reported by Awet (2007). The 
differences in nutrient composition of wheat bran among the different studies may be 
attributed to efficiency of the processing method during milling (more flour contents of the 
wheat bran), quality of the raw material used and nutrient availability in the soil. Even sample 
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of the same variety of wheat from the same region may vary up to 10% and sometimes more 
in content of protein due to processing and/or milling methods (Morrison, 1984).  The 
IVOMD for wheat bran in this study was 84.5% and had 11.9 MJ/kg DM metabolizable 
energy.  
 
The CP obtained from “noug” seed cake in the current study were 26.8% which is higher than 
25.7% reported by Jemberu (2008) and lower than the values of 29.4%, 29% and 31% CP 
previously reported by Tesfaye (2008), Wondwosen (2008) and Dejene (2010) respectively. 
According to Lonsdale (1989) feeds that have <12%, 12-20% and >20% CP are classified as 
low, medium and high protein sources, respectively and “noug” seed cake in this study is 
among the high protein sources that can serve as a protein supplement for low quality feeds 
like faba bean haulms. The NDF and ADF contents of “noug” seed cake in the present study 
were 44.6% and 32.9% respectively which had a slight variation from the values of 32.8-
43.5% NDF and 28.3-41.1% ADF reported by others earlier (Jemberu, 2008; Tesfaye, 2008; 
Wondwosen, 2008 and Dejene, 2010). The slight variation of “noug” seed cake observed 
might be due to the difference in efficiency of extraction while extracting oil, variety of the 
“noug” used and storage time and condition of cake after extraction until use. The IVOMD of 
“noug” seed cake used for this trial were 69.4% (Table 3) and also had 8.1 MJ/kg DM 
metabolizable energy values which is greater than lower critical threshold of 7.5 MJ/kg DM 
(Owen and Jayasuriya, 1989).  
 
4.3. Feed Intake of Arsi-Bale Sheep Fed Faba Bean Straws with Concentrate  
 
The daily feed and nutrient intake of the experimental sheep fed faba bean straws and 
concentrate are presented in Table 5.  The total DM and OM intake (g/day) of sheep in T2 was 
higher (P<0.001) than T1, T4 and T5 and also sheep in T3 was greater (P<0.001) than T1 and 
T4. Since the concentrate supplementation for all treatments were similar, the difference 
observed among the treatments stemmed from the differences of faba bean straws included in 
the trial. The straw used in T2 (Walki variety) was consumed more than straws from other 
varieties (Mosisa, Shallo and Local) and the variation might be related to less fiber (NDF and 
ADF) contents of Walki straw compared to the other varieties (Table 4). Similarly, the total 
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DM and OM intake was higher (P<0.001) in sheep fed Degaga straw compared to those fed 
straws from Mosisa and Shallo with no statistical difference with sheep fed Walki straw. The 
high NDF and ADF contents in the diet are expected to increase resistance to physical 
breakdown and contribute to more ruminal fill resulting in a lower voluntary intake. Feed 
intake is negatively impacted by the quantity of indigestible fractions (such as lignin) or 
fractions with low digestibility like NDF and ADF content due to the need of more retention 
time in the rumen for further fermentation (Bruinenberg et al., 2003).  
 
Table 5. Feed intake of Arsi Bale sheep fed faba bean straws and concentrate mixtures ad 
libitum in the ratio of 70:30 straw and concentrate (2WB:1NSC)  respectively. 
Feed intake Treatments 
  T1 T2 T3 T4 T5 SEM SL 
DM intake (g/d) 671.7c 754.3a 717.9ab 660.3c 695.9bc 8.17 *** 
DM intake (% BW) 2.8c 2.9ab 3.0a 2.8bc 2.9ab 0.03 * 
DM intake (g/kg W0.75) 61.6b 66.2a 66.5a 62.4b 63.7ab 0.65 ** 
OM intake (g/d) 632.9c 703.8a 673.9ab 621.8c 644.4bc 7.44 *** 
CP intake (g/d) 70.9c 75.8ab 74.2b 68.3d 77.1a 0.61 *** 
ME intake (MJ/d) 5.4c 6.1b 5.9b 5.2c 6.4a 0.09 *** 
NDF intake (g/d) 425.8b 477.7a 466.4a 431.0b 448.0ab 5.86 * 
ADF intake (g/d) 309.4b 340.5a 332.6ab 304.5b 312.3ab 4.69 * 
ADL intake (g/d) 65.9c 74.6a 71.9ab 66.5bc 70.8ab 0.99 * 
a, b, c, d means with different superscripts in a row are significantly different. ***=(P<0.001), 
**=(P<0.01); *(P<0.05);  ADF=acid detergent fiber; ADL=acid detergent lignin; BW=body 
weight; CP=crude protein; DM=dry matter; ME=metabolizable energy; NDF=neutral 
detergent fiber; OM=organic matter; SEM=standard error of the mean; SL=significance level; 
T1=70% mosisa straw + 30% concentrate mix; T2=70% walki straw + 30% concentrate; 
T3=70% degaga straw + 30% concentrate; T4=70% shallo straw + 30% concentrate; T5=70% 
local straw + 30% concentrate. 
 
Sheep in T3 consumed significantly higher (P<0.05) DM as percent of body weight than sheep 
in T1 and T4 but similar with sheep in T2 and T5, which were higher (P<0.05) than sheep in 
T1. The total DM intake as percent of body weight for this study fall in the range of 2.8-3%, 
which was comparable with the values (1.9-3.2%) reported by Ermias (2008) for the same 
breed of sheep fed faba bean haulm supplemented with 300 g concentrate mix (barley bran, 
linseed meal and their mixture) supplement. The observed dry matter intake as percent of body 
weight fall within the range of 2-6% suggested to be consumed by small ruminants (Susan, 
2003). The slight differences are presumably arising from the variation in the nutrient 
composition of straws obtained from different varieties of faba bean for this trial that 
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associates with their relative feed intake. Similarly, sheep in T2 and T3 consumed higher 
(P<0.01) DM intake per unit of metabolic body weight than sheep in T1 and T4 whereas no 
significant differences (P>0.01) observed between T5 and the other treatments.  
 
CP intake for sheep in T5 was significantly higher (P<0.001) than T3, T1 and T4 whereas no 
significant difference (P>0.001) was observed between sheep in T5 and T2.  CP intakes of the 
other treatments were varied (P<0.001) in the order of sheep in T2 and T3 >T1>T4. The 
variation in CP intake was as expected since straw obtained from local variety in T5 had 
higher CP than Degaga variety in T3 and Walki variety in T2 and the latter two had greater CP 
than Mosisa variety in T1 and Shallo variety in T4 (Table 4). The CP intake of sheep in this 
experiment (68.3-77.1 g/d) were within the range of 54.1-103.3 g/d for 150-350 g/day 
concentrate supplemented of the same breed of sheep fed urea treated maize cob basal diet 
(Ermias, 2008). On the other hand, it was lower than earlier report of 81.1-126.9 g/day for 300 
g/day concentrate supplemented of the same breed fed faba bean haulms as a basal diet 
(Tesfaye, 2008). The lower CP intake in the current study might be related to the lower crude 
protein contents of the feed used for this experiment.  
 
The metabolizable energy (ME) intake of sheep in T5 in this trial was higher (P<0.001) than 
all other treatments and sheep in T2 and T3 also had significantly higher (P<0.001) ME intake 
than T1 and T4. The ME intake of sheep in this study (5.4-6.4 MJ/day) was comparable with 
3.6-6.8 MJ/day for local sheep fed finger millet straw alone or supplemented with mixtures of 
atella and “noug” seed cake at different proportions (Almaz, 2008), 5.0-7.8 MJ/day for 
Dangila lambs fed urea treated finger millet straws and supplemented with “noug” seed cake, 
wheat bran, and their mixtures (Melese, 2008) and 3.8-6.7 MJ/day for Horro lambs fed L. 
sativus haulm supplemented with wheat bran, A. albida leaf meal or their mixtures (Takele, 
2010). The ME intake indicated that the energy intake in all treatments was in the range of 5.1-
6.2 MJ/day energy necessary for a 20 kg sheep gain 50-100 g/day (ARC, 1980).   
 
Figure 1 showed that dry matter intake for all treatments was steadily increasing until 70 days 
except for sheep in T3, which showed a decreasing trend between 20-30 days. However, the 
dry matter intake of sheep in T1, T3 and T4 becomes constant for the remaining periods of the 
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experiment indicating that sheep in these treatments reached maximum level of intake earlier 
and maintain that respective level across the remaining period. On the other hand, dry matter 
intake of sheep in T2 and T5 showed continuous increasing trend until 80 days and then after 
becomes constant during the remaining days.  
 
 
T1=70% “mosisa” straw + 30% concentrate mix; T2=70% “walki” straw + 30% concentrate;       
T3=70% “degage” straw + 30% concentrate; T4=70% “shallo” straw + 30% concentrate; 
T5=70% local straw + 30% concentrate. 
 
Figure 1. Trends in dry matter intake of Arsi Bale sheep fed faba bean straws and concentrate 
(2WB:1NSC) mixtures ad libitum in the ratio of 70:30 respectively. 
 
4.4. Apparent nutrient Digestibility of Arsi-Bale Sheep Fed Faba Bean          
Straws with Concentrate 
 
Apparent nutrient digestibility of Arsi-Bale sheep fed faba bean straws and concentrate is 
presented in Table 6. The apparent digestibility of DM for sheep in T1, T2 and T3 were higher 
(P<0.05) than T4 although the DM digestibility of sheep in T5 was not significantly different 
(P>0.05) from the other treatments. The OM digestibility was significantly higher (P<0.05) for 
sheep in T2 than T4. The lower apparent dry matter and organic matter digestibility for sheep 
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in T4 might be attributed to the higher fiber (NDF, ADF and ADL) content of straws from 
Shallo variety of faba bean consistent with the lower in vitro organic matter digestibility of 
straw of the same variety (Table 4) compared to straws from other varieties. Neutral detergent 
fiber, which is a measure of cell wall content, is the primary chemical component of feeds that 
determines the rate of digestion; thus there is a negative relationship between the neutral 
detergent fiber content of feeds and the rate at which they are digested (McDonald et al., 
2002). The same author revealed that the fiber fraction of a feed has the greatest influence on 
its digestibility.  
 
Table 6. Apparent nutrient digestibility of Arsi-Bale sheep fed faba bean straws and 
concentrate mixtures ad libitum in the ratio of 70:30 straw and concentrate (2WB:1NSC)  
respectively. 
 Treatments SEM SL 
Digestibility (%) T1 T2 T3 T4 T5   
DM 54.9a 56.6a 55.5a 49.5b 54.0ab 0.86 * 
OM 52.1ab 54.7a 50.5ab 46.0b 47.8ab 1.27 * 
CP 60.3ab 55.4ab 54.3bc 47.5c 61.9a 1.32 *** 
NDF 51.9 53.3 53.7 51.9 54.7 0.59 ns 
ADF 50.7 52.3 49.8 50.0 50.0 1.26 ns 
a, b, c means with different superscripts in a row are significantly different.***=(P<0.001), 
*(P<0.05);  ADF=acid detergent fiber; CP=crude protein; DM=dry matter; NDF=neutral 
detergent fiber; ns=non-significant; OM=organic matter; SEM=standard error of the mean; 
SL=significant level; T1=70% mosisa straw + 30% concentrate mix; T2=70% walki straw + 
30% concentrate; T3=70% degaga straw + 30% concentrate; T4=70% shallo straw + 30% 
concentrate; T5=70% local straw + 30% concentrate. 
 
 
The apparent DM digestibility of T1, T2 and T3 (54.9-56.6%) used in the present experiment 
were slightly lower than 56-64% reported by Emebet (2008) for Black head Ogaden sheep fed 
haricot bean haulm alone or supplemented with 300 g/day of mixtures of wheat bran and 
brewers dried grain. Similarly, Ermias (2008) also reported 69-76% total apparent DM 
digestibility for the same breed of sheep fed faba bean haulm and supplemented with 300 
g/day of barley bran, linseed meal and their mixture. The variation of DM and OM apparent 
digestibility of the current result with earlier findings might be related to age of the animals, 
level of feeding, feed and ration composition (Rajihan, 1999) and also the varietal differences 
of faba bean used. Moreover, digestibility of a feed is influenced not only by its composition, 
but also by the composition of other feeds consumed with it. 
32 
 
 
 
The CP digestibility of sheep in T5 was greater (P<0.001) than T3 and T4 but did not differ 
(P<0.001) from sheep in T1 and T2 whereas CP digestibility of sheep in T1 and T2 were also 
higher (P<0.001) than T4. The lower CP digestibility for sheep in T4 might be due to lower 
CP content of straws from Shallo variety (Table 4) and inadequate CP intake of sheep from 
this treatment (Table 5). The apparent CP digestibility for sheep in T1, T2 and T5 (55.4-
61.9%) in this trial were within the range of CP digestibility of 55-71% reported by Emebet 
(2008) for Black head Ogaden sheep fed haricot bean haulm alone or supplemented with the 
mixtures of wheat bran and brewers dried grain 300 g/day. The current result revealed that 
there were no significant difference (P>0.05) in the digestibility of fiber components among 
treatments which is in line with the reports of others (Aschalew, 2011; Nuguse, 2011; 
Mesgenew, 2014) who found no variation in digestibility in NDF and ADF for different breeds 
of small ruminants and different feed types. 
 
4.5. Body Weight Change of Arsi-Bale Sheep Fed Faba Bean Straws with    
        Concentrate 
 
The body weight parameters of the experimental sheep fed different faba bean straws and 
concentrat are presented in Table 7. There were significant (P<0.01) differences in final body 
weight, body weight change, average daily gain and feed conversion efficiency among 
different treatments. Sheep in T2 had higher (P<0.01) average daily gain than sheep in T3, T4 
and T5 but no significant difference (P>0.01) with T1.  The variation in average daily gain 
might be obtained from differences in the feeding values of faba bean straws used for the trial 
because of the fact that the concentrate provided for all treatments were similar. This variation 
in average daily weight gain could be attributed to the better DM and CP intake and nutrient 
digestibility in sheep fed straws obtained from Walki and Mosisa varieties in T2 and T1 
respectively. The highest average daily gain (64.6 g/day) for the current study was higher than 
41.8-56.4 g/day average daily weight gain for Black head Ogaden sheep fed haricot bean 
haulm as a basal diet supplemented with the mixtures of wheat bran and 300 g/day brewers 
dried grain (Emebet, 2008). Similarly, it was comparable with the highest average body 
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weight gain (64.4 g/day) for Washera sheep fed grass hay basal diet and 350 g/day concentrate 
(field pea hull, wheat bran and “noug” seed cake) supplemented (Mesganaw, 2014). 
 
The final body weight in the current study was higher (P<0.01) for sheep in T2 than the other 
treatments. Feed conversion efficiency for this trial was greater (P<0.05) for sheep in T2 as 
compared to T3 and T4 whereas similar with values obtained for T1 and T5. Feed conversion 
efficiency of sheep in T1 was significantly greater (P<0.05) than T4 but no difference 
(P>0.05) among other treatments. The improved FCE seemed to be related to higher nutrient 
contents of faba bean straws in T1 and T2 and the consequent increase in body weight gain 
and the ability of sheep to convert feed efficiently to flesh. The variations in final body weight, 
average daily gain and feed conversation efficiency among the treatments tested stemmed 
from variations in nutrient contents, cell wall constituents and digestibility within different 
faba bean straws since the concentrate mixture was similar for all treatments. This indicates 
that there is a possibility for selecting faba bean crops for planting based on their straws 
qualities in addition to the grain yield and quality attributes for enhanced use of the whole 
plant value. The current study demonstrated that 70% faba bean straws from Walki and 
Mosisa varieties with 30% concentrate resulted in higher average daily gain than other 
varieties. 
 
Table 7. Body weight changes of Arsi-Bale sheep fed faba bean straws and concentrate 
mixtures ad libitum in the ratio of 70:30 straw and concentrate (2WB:1NSC)  respectively. 
Parameters  Treatments 
  T1 T2 T3 T4 T5 SEM SL 
IBW (kg) 19.6 19.9 19.9 19.9 19.9 0.19 ns 
FBW (kg) 24.3b 25.7a 23.9b 23.3b 24.2b 0.27 ** 
BWC(kg) 4.7ab 5.8a 3.9bc 3.4c 4.4bc 0.23 ** 
ADG (g/day) 52.2ab 64.6a 43.2bc 37.5c 48.3bc 2.55 ** 
FCE 0.077ab 0.085a 0.059bc 0.056c 0.069abc 0.003 * 
a, b, c, means with different superscripts in a row are significantly different. **=(P<0.01), *= 
(p<0.5); ADG=average daily gain; BWC=body weight change; FBW=final body weight; 
FCE=feed conversion efficiency; IBW=initial body weight; ns=not significant; SEM=standard 
error of the mean; SL=level of significance; T1=70% mosisa straw + 30% concentrate mix; 
T2=70% walki straw + 30% concentrate; T3=70% degaga straw + 30% concentrate; T4=70% 
shallo straw + 30% concentrate; T5=70% local straw + 30% concentrate.  
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Ermias (2008) reported that Arsi-Bale sheep fed faba bean haulms alone lost body weight (-15 
g/day) whereas those supplemented with 300 g/day concentrate (barely bran and/or linseed 
meal) gained 55.6-87.8 g/day. Similarly, Takele (2010) observed a body weight loss of 40.9 
g/day for Horro sheep fed sole vetch haulm and 28.1-52.9 g/day daily gain for groups 
supplemented with 300 g/day wheat bran and Acacia leaf mixtures. On the contrary, Emebet 
(2008) reported a positive weight gain (15.3 g/day) for Black Head Ogaden sheep fed haricot 
bean haulm alone and 39.7-56.4 g/day gain for groups supplemented with 300 g/day 
concentrate (wheat bran and brewers dried grain mixture). Additionally, Likawent et al. (2005) 
showed that yearling Menz rams fed sole lentil, grass pea and chickpea straws gained 62.8, 
26.5 and 18.3 g/day, respectively, whereas those sheep fed faba bean straw suffered serious 
weight loss. The chemical composition of faba bean straws in the current study (Table 4) and 
earlier findings revealed that faba bean straws as a sole feed may not fulfill even the 
maintenance requirement of sheep because of low CP and high fiber content and low 
digestibility. But when the level of concentrate supplementation increased up to 30% of the 
daily offered feed, considerable daily body weight gain (37.5-64.6 g/day) was observed 
depending on the faba bean varieties used (Table 7).  The present results agree with the 
previous findings (Emabet, 2008; Ermias, 2008; Takele, 2010) which reported higher weight 
gain when different pulse crops residues were supplemented with 300 g/day concentrate 
mixtures.  
Figure 2. Trends in body weight change of Arsi-Bale sheep fed faba bean straws and 
concentrate (2WB:1NSC) mixtures ad libitum in the ratio of 70:30 respectively. 
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T1=70% mosisa straw + 30% concentrate mix; T2=70% walki straw + 30% concentrate; 
T3=70% degaga straw + 30% concentrate; T4=70% shallo straw + 30% concentrate; T5=70% 
local straw + 30% concentrate 
 
The trend of weight changes across the feeding days (Figure 2) revealed that all sheep up to 
the 10th days showed body weight gain almost in a similar steady increasing manner.  This 
might be related to the compensatory growth from digestibility trial even though 10 days of 
adaptation periods were given before the commencement of the feeding trial. After the 10th 
days, sheep in T2 showed higher growth rate than sheep in other treatments throughout the 
experimental period and from 10th day up to 40th day, the growth of sheep in T1, T3, T4 and 
T5 moved with the same trend. After the 40th day, the growth of sheep in T4 was lower than 
other treatments which may be the inability of the feed in T4 to maintain constant growth as 
sheep advance in weight. 
 
4.6. Carcass Evaluations of Arsi-Bale Sheep Fed Faba Bean Straws with    
 Concentrate 
4.6.1. Carcass parameters of Arsi-Bale sheep fed faba bean straws with concentrate  
 
Slaughter body weight, hot carcass weight, empty body weight, chilled carcass weight, 
dressing percentage, fat thickness and rib eye area of Arsi-Bale sheep fed faba bean straws 
with concentrate is given in Table 8. Slaughter body weight was higher (P<0.05) for sheep in 
T1 and T2 as compared to sheep in T4 and there were no significant (P>0.05) difference 
among T1, T2, T3 and T5. This might be due to higher feed conversation efficiency and body 
weight gain (Table 7) of those groups fed on Walki and Mosisa straws as compared to those 
fed Shallo straw since slaughter body weight depends on feed conversation efficiency and 
body weight gain (Rahman, 2007a). The absence of significant difference among sheep in T1, 
T2, T3 and T5 indicates that variation among straws in these treatments had no effect on these 
carcass parameters.  
 
Hot carcass weight, chilled carcass weight and dressing percentage on both slaughter and 
empty body weight basis did not differ (P>0.05) among treatments in this trial. The lack of 
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significant difference among treatments in the above mentioned parameters showed that straws 
obtained from different faba bean varieties had similar effect on these carcass parameters. 
Dressing percentage is the proportion of body weight considered to be edible and it is an 
important trait in carcass merit consideration. The dressing percentage of Arsi-Bale sheep in 
the current study were 31.5-37.3% and 42.6- 46.5% (Table 8) on slaughter and empty body 
weight basis, respectively. According to Gatenby (2002) dressing percentage of sheep 
generally range between 40-50% (in EBW base), but it depends very much on what parts of 
the carcass is sold as meat. The dressing percentage on empty body weight basis for the 
current study was also in this range. Abebe (2006) reported that the same breed of sheep 
weighing 14.67-24.43 kg at slaughter had a dressing percentage of 38.4-45.6% and 47.5-
56.3% on slaughter body weight and empty body weight basis, respectively, which were 
slightly higher than the current finding. 
 
Table 8. Carcass characteristics of Arsi-Bale sheep fed faba bean straws and concentrate 
mixtures ad libitum in the ratio of 70:30 straw and concentrate (2WB:1NSC)  respectively. 
Parameters Treatments 
  T1 T2 T3 T4 T5 SEM SL 
SBW (kg) 24.0a 23.8a 22.8ab 21.7b 23.4ab 0.30 * 
HCW (kg) 8.5 8.4 8.4 8.1 8.7 0.11 ns 
CCW (kg) 8.3 8.1 8.3 7.7 8.2 0.11 ns 
EBW (kg) 19.5a 19.7a 18.6ab 17.5b 18.8ab 0.32 * 
Dressing percentage on        
SBW basis 31.5 35.3 36.9 37.3 37.1 0.44 ns 
EBW basis 43.2 42.6 45.5 46.5 46.1 0.61 ns 
Fat thickness (mm) 0.18b 0.23ab 0.33ab 0.2ab 0.35a 0.03 * 
REA (cm2) 7.3 7.3 8.3 8.0 8.0 0.24 ns 
a, b, means with different superscripts in a row are significantly different.  *=(p<0.5); 
CCW=chilled carcass weight; HCW=hot carcass weight; EBW=empty body weight; ns=non-
significant; REA=rib eye area; SBW=slaughter body weight; SEM=standard error of the 
mean; SL=significance level; T1=70% mosisa straw + 30% concentrate; T2=70% walki straw 
+ 30% concentrate; T3=70% degaga straw + 30% concentrate; T4=70% shallo straw + 30% 
concentrate; T5=70% local straw + 30% concentrate.  
 
 
When compared on empty body weight basis, sheep in T1 and T2 had higher (P<0.05) empty 
body weight basis than sheep in T4 but there were no significant difference (P>0.05) among 
within sheep in T3 and T5. The higher empty body weight of sheep in T1 and T2 might be due 
to their higher slaughter body weight (Table 8). Sheep in T5 had higher (P<0.05) fat thickness 
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than T1, which might be related to the higher metabolizable energy content (Table 4) of faba 
bean straws used and the relatively higher ME intake (Table 5) for animals in T5 leading to 
increased fat thickness (Ryan et al., 2007) than animals in T1, whereas no significance 
(P>0.05) difference was observed between the other treatments. Similarly, no difference 
(P>0.05) was observed among treatments in rib-eye area, which is an indicator of the amount 
of carcass produced from the animals (Rahman, 2007b). Rib eye area indicates the muscular 
development of the animal that will be increased through the live weight gain. The rib eye area 
(7.3-8.3 cm2) for the present study was slightly higher than 4.4-8.1cm2 reported by Tesfaye 
(2010) for the same breed of sheep fed urea treated maize cob and supplemented with different 
levels of  “noug” seed cake and wheat bran mixture. The values of rib-eye area found in the 
current study was within the range of 5.5-9.9 cm2, 5.6-9.2cm2 and 6.7-10.4cm2 rib eye area 
reported earlier by Mesgenew (2014), Simachew (2008) and Emebet (2008) respectively for 
different sheep breeds.  
 
4.6.2. Edible offal components of Arsi-Bale sheep fed faba bean straws with concentrate 
 mixture  
 
Carcass offal components are categorized into edible and non-edible based on tradition, 
beliefs, culture, and differences in preference of the people from one locality to the other and 
is so more or less subjective (Getahun, 2001). Edible offal components of Arsi-Bale sheep fed 
different faba bean straws with concentrate mixture are presented in Table 9. The majority of 
the edible offal components including total edible offal components in this study were not 
affected (P>0.05) by the variety of faba bean straws. Riley et al. (1989) indicated that 
differences in internal organs are more influenced by age, breed and sex of the animals rather 
than plane of nutrition which support the current result. Sheep in T1 had higher (P<0.05) 
kidney and testicles weight than sheep in T4 but similar with other treatments, on the other 
hand, it had lower empty gut weight than other treatments and the later might be related to 
lower total DM intake (Table 5) of sheep in T1 as compared to the others. This implies that as 
animals consume more feed, their stomach may be enlarged to accommodate the larger ingesta 
and thicker to resist the work load in it and this may increase the volume and weight of the 
gastrointestinal tract as a whole. The same is true for large intestine weight as sheep in other 
treatments had higher (P<0.05) than sheep in T1.   
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Table 9. Edible offal components of Arsi-Bale sheep fed faba bean straws and concentrate 
mixtures ad libitum in the ratio of 70:30 straw and concentrate (2WB:1NSC)  respectively. 
Edible offal Treatments 
 T1 T2 T3 T4 T5 SEM SL  
Blood (gm)  943.6 829.8 915.8 835.5 876.0 21.40 ns 
Liver (gm)  287.3 284.8 264.3 272.8 260.8 4.67 ns 
Kidney (gm) 69.0a 63.8ab 65.5ab 58.3b 62.8ab 1.39 * 
Heart (gm) 104.6 97.5 99.3 99.3 99.0 1.29 ns 
Tongue (gm) 75.5 70.0 82.5 71.5 72.0 2.09 ns 
Ret-rum (gm) 3933.7 3525.8 3716.5 3648.8 3989.0 107.05 ns 
Om-ab (gm) 558.1 536.8 537.3 612.0 623.8 22.14 ns 
Empty gut (gm) 624.3b 797.8a 780.8a 780.0a 771.3a 18.33 ** 
SI (gm) 1325.5 1399.3 1282.5 1286.0 1462.0 39.20 ns 
LI (gm) 536.7b 754.0a 634.0ab 617.3ab 617.8ab 29.02 * 
Testicles (gm) 385.4a 342.5ab 333.0ab 245.3b 328.5ab 18.75 * 
Tail (gm) 466.4 579.0 462.0 540.7 493.7 29.18 ns 
Kidney fat (gm) 71.5 70.8 83.3 67.3 75.3 6.40 ns 
Heart fat (gm) 53.7 42.5 40.0 49.8 48.5 3.05 ns 
Omental fat (gm) 62.1 62.0 69.3 53.5 56.0 5.18 ns 
Scrotal fat (gm) 30.3 35.5 39.3 32.5 39.5 2.09 ns 
Pelvic fat (gm) 32.5 38.0 39.0 27.8 30.5 1.73 ns 
TEOC (kg) 9.6 9.5 9.4 9.3 9.9 0.14 ns 
a, b, means with different superscripts in a row are significantly different. *=(P<0.5);  
**=(P<0.01); LI=large intestine; ns=non-significant; Om-abo=omasum-abomasum; Ret-
rum=reticulo-rumen; SEM=standard error of the mean; SI=small intestine; SL=significance 
level; TEOC=total edible offal component; T1=70% mosisa straw + 30% concentrate; 
T2=70% walki straw + 30% concentrate; T3=70% degaga straw + 30% concentrate; T4=70% 
shallo straw + 30% concentrate; T5=70% local straw + 30% concentrate. 
 
4.6.3. Non-edible offal components of Arsi-Bale sheep fed faba bean straws with         
  concentrate 
 
The non-edible offal components of Arsi-Bale sheep fed different faba bean straws with 
concentrate are presented in Table 10. Except lung with trachea and spleen, all non- edible 
offal parameter together with total non-edible offal components were not affected (P>0.05) by 
treatments and indicating that variation in straws from different varieties of faba bean majorly 
have no influence on non-carcass parameters. Sheep in T1 had higher (P<0.05) lung with 
trachea as compared to sheep in T4. This might be related to the smaller slaughter weight of 
sheep in this treatment than sheep in T1. In the same manner, sheep in T1 and T5 had also 
higher (P<0.5) spleen than sheep in T2, T3 and T4. Sheep in the present study had 18.7%, 
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17.1%, 18.7%, 19.6% and 19.7% gut fill on their slaughter body weight basis for T1, T2, T3, 
T4 and T5 respectively. Lack of significant difference in gut fill between different treatments 
of sheep in the current study might be due to the time elapsed (24 hour fasting time prior to 
slaughter) until slaughtering that made to shrink their gut fill equally. In line with the present 
study, Ermias (2008) reported gut fill weight of 4.8-5.5 kg (17.6-20.4% on slaughter body 
weight basis) for the same breed of sheep fed faba bean haulms supplemented with linseed 
meal, barley bran and their mixture and weighted 18.5-27.6 kg at slaughter.  
 
Table 10. Non edible offal components of Arsi-Bale sheep fed faba bean straws and 
concentrate mixtures ad libitum in the ratio of 70:30 straw and concentrate (2WB:1NSC)  
respectively. 
Non-edible offal Treatments 
  T1 T2 T3 T4 T5 SEM SL 
Head without tongue 
(gm) 
1573.9 1582.0 1493.3 1523.3 1561.3 36.87 ns 
Skin (gm) 2127.9 1867.3 1758.3 2031.8 1934.0 55.73 ns 
Lung with trachea (gm) 320.8a 284.5ab 285.0ab 206.3b 260.5ab 14.67 * 
Pancreas (gm) 36.3 32.5 33.3 33.0 22.5 0.87 ns 
Spleen (gm) 44.6a 34.8bc 36.0bc 28.3c 38.5ab 2.03 ** 
Bladder (gm) 13.5 15.3 16.0 13.0 12.5 1.23 ns 
Gall bladder (gm) 3.6 5.3 5.0 7.5 6.3 1.35 ns 
Full gut (gm) 4491.8 4062.5 4254.0 4260.8 4612.8 120.90 ns 
Penis (gm)  60.7 56.5 59.0 50.5 58.5 1.80 ns 
Feet with hooves (gm) 461.6 411.8 421.3 413.0 445.5 8.86 ns 
TNEOC (kg) 9.1 8.4 8.4 8.6 8.9 0.16 ns 
a, b, c, means with different superscripts in a row are significantly different. **=(P<0.01); 
*=(P<0.5);  ns=non-significant; SEM=standard error of the mean; SL=significance level; 
TNEOC=total non-edible offal component; T1=70% mosisa straw + 30% concentrate; 
T2=70% walki straw + 30% concentrate; T3=70% degaga straw + 30% concentrate; T4=70% 
shallo straw + 30% concentrate; T5=70% local straw + 30% concentrate. 
 
4.6.4. Five primal cuts of right half carcass of Arsi-Bale sheep fed faba bean straws with 
 concentrate 
 
The five primal cut from the right half of carcass from Arsi-Bale sheep fed faba bean straws 
with concentrate are given in Table 11. Except for bone from loin and breast and shank, all the 
five primal cut components such as bone, muscle, fat and their total were not affected (P>0.05) 
by feeding different varieties of faba bean straws with the same concentrate mixture for all 
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treatments. The absence of significant difference for the five primal cuts in the present study 
among treatments showed the similarities of straws obtained from different faba bean varieties 
on carcass parameters.  
  
Table 11. Five primal cuts for the right half of carcass from Arsi-Bale sheep fed faba bean 
straws and concentrate mixtures ad libitum in the ratio of 70:30 straw and concentrate 
(2WB:1NSC)  respectively. 
Primal cut (gm)  Treatments 
 T1 T2 T3 T4 T5 SEM SL 
Leg total 1491.8 1429.8 1358.5 1337.5 1472.0 22.10 ns 
              Bone 397.0 362.8 344.3 366.5 394.5 10.58 ns 
Muscle 994.8 962.3 910.0 943.3 964.0 13.99 ns 
              Fat 100.0 104.8 104.3 67.8 113.5 7.87 ns 
Loin total 410.0 465.0 430.0 414.3 469.0 13.99 ns 
              Bone 117.5ab 173.3a 93.5b 105.0b 93.3b 11.58 * 
Muscle 267.5 243.3 281.3 264.5 331.3 15.25 ns 
              Fat 25.0 48.5 55.3 44.8 44.5 5.29 ns 
Rack total 496.5 492.3 508.0 453.5 510.3 17.74 ns 
              Bone 139.5 157.0 163.8 138.8 165.5 8.59 ns 
Muscle 304.3 261.0 275.0 262.8 566.3 9.99 ns 
              Fat 52.8 74.3 69.3 52.0 78.5 9.14 ns 
Breast and shank total 465.8 452.5 395.5 420.3 425.3 10.78 ns 
              Bone 165.8a 145.5ab 135.8b 146.3ab 136.8b 3.86 * 
Muscle 239.0 244.8 198.3 224.5 210.0 8.94 ns 
              Fat 61.0 62.3 61.5 49.5 78.5 4.77 ns 
Shoulder and neck 
total 
1312.8 1280.8 1403.0 1323.0 1397.5 35.02 ns 
              Bone 376.3 340.3 366.3 397.3 390.3 11.59 ns 
Muscle 859.3 872.0 947.8 859.8 925.5 25.43 ns 
              Fat 77.3 68.5 89.0 66.0 81.5 7.12 ns 
a, b, means with different superscripts in a row are significantly different.  *=(p<0.5); ns=non-
significant; SEM=standard error of the mean; SL=significance level; T1=70% mosisa straw + 
30% concentrate; T2=70% walki straw + 30% concentrate; T3=70% degaga straw + 30% 
concentrate; T4=70% shallo straw + 30% concentrate; T5=70% local straw + 30% 
concentrate. 
 
 
Mean tissue weight and proportions from the five primal cuts of the right half of carcass from 
Arsi-Bale sheep fed different faba bean straws with concentrate mixtures are present in Table 
12. Mean tissue weight and their proportions in dissected half carcass of all primal cuts were 
not affected (P>0.05) by feeding straws obtained from different varieties of faba bean and 
concentrate mixtures. Muscle (2.55-2.69 kg) followed by bone (1.1-1.9 kg) and fat (0.28-0.39 
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kg) had the highest amount in each primal cut for all treatment groups. In agreement with the 
current study, Tesfaye et al. (2008) reported 2.52-3.29 kg, 1.08-1.33 kg and 0.11-0.19 kg for 
muscle, bone and fat respectively for browsing Arsi-Bale goat fed sweet potato vines as a 
concentrate feed. Large amounts of muscle were found on the leg followed by shoulder and 
neck parts of primal cuts which was in line with earlier reports by other (Daskiran et al., 
2006). Similar results were also reported for Borana and Arsi-Bale goats kept in feedlot for 
different durations (Hailu et al., 2005). On the other hands, breast and shank followed by rack 
had higher proportion of fat compared to other primal cuts in this trial.  
 
Table 12. Mean tissue weight and proportions in dissected half carcass of all primal cuts of 
Arsi Bale sheep fed different faba bean straws and concentrate mixtures 
Tissues Treatments 
 T1 T2 T3 T4 T5 SEM SL 
Muscle,  kg 2.7 2.7 2.6 2.6 2.7 0.04 ns 
% 62.2 58.8 61.0 61.8 60.8 0.90 ns 
Bone,     kg 1.2 1.2 1.1 1.2 1.2 0.03 ns 
% 29.3 30.9 27.9 29.6 28.0 0.73 ns 
Fat,        kg 0.3 0.4 0.4 0.3 0.4 0.02 ns 
% 8.4 10.3 11.0 8.6 11.2 0.61 ns 
ns=non-significant; SEM=standard error of the mean; SL=significance level; T1=70% mosisa 
straw + 30% concentrate; T2=70% walki straw + 30% concentrate; T3=70% degaga straw + 
30% concentrate; T4=70% shallo straw + 30% concentrate; T5=70% local straw + 30% 
concentrate. 
 
 
The proportions of muscle in the present study varies from 58.8-62.2% which was within the 
range of 51.09-76.77% lean meat of Arsi-Bale goats with different age group and feeding 
regime (Mesfin, 2007) and slightly lower than 63-67.4% lean meat for Borana and Arsi-Bale 
goats under different durations of feedlot management (Hailu et al., 2005). The proportions of 
bone in the current study also varies from 27.9-30.9% which was comparable with 25.7-30.9% 
reported by Hailu et al. (2005) and within the range of 25.11-35.89% reported by Mesfin 
(2007). Even though the difference was not significant (P>0.05), sheep in T5 and T3 had 
figuratively higher values of fat percentage than other treatments. This may be attributed to the 
higher metabolizable energy in local and Degaga varieties straws (Table 4), the straws 
consumed by these treatment groups leading to higher metabolizable energy intake for T3 and 
T5 when compared to the other treatments. 
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5. SUMMARY AND CONCLUSIONS 
 
The study was conducted at Sinana Agricultural Research Center. The varieties were planted 
on station on 0.25 hectare of land each and grain and straw yield, straws to grain ratio and 
harvest index were determined from 30 plots of 1m2 area for each varieties. An animal 
experiment was conducted by using forty yearling male Arsi-Bale sheep in digestibility and 
feeding trials. The aim of the study was to evaluate the varietal differences among faba bean 
straws and to evaluate effects of feeding different varieties of faba bean straws with 
concentrate on feed intake, digestibility, body weight gain and carcass characteristics of Arsi-
Bale sheep. The experiment was conducted using a randomized complete block design with 
five treatments and eight animals per treatment. The treatments include 70% faba bean straws 
of five different varieties viz. Mosisa (T1), Walki (T2), Degaga (T3), Shallo (T4) and local 
varieties (T5) and with 30% concentrate composed of wheat bran and noug seed cake in a 2:1 
ratio and the total mixed diet was fed ad libitum. Water was available free choice throughout 
the experimental periods. The digestibility trial was undertaken for seven days after 15 days 
acclimatization period. The feeding trial followed the digestibility trial after 10 days of rest 
period and re-acclimatization to the experimental feeds and lasted for 90 days. Carcass 
evaluation carried out at the end of the experiment with half of the sheep (four per treatment) 
in the trial. 
 
Improved faba bean varieties in the current study had greater (P<0.001) grain yield than local 
variety as expected. Straw yield from Mosisa (5.1 t/ha) variety had significantly higher 
(P<0.001) than all other varieties and that obtained from Shallo (4.5 t/ha) variety was higher 
(P<0.001) than Walki, Degaga and local varieties. The straw obtained from Walki (4 t/ha) and 
Degaga (3.9 t/ha) were higher (P<0.001) than straw obtained from local (3.3 t/ha) variety. 
Mosisa, Shallo and Local varieties had significantly higher (P<0.001) straws to grain ratio than 
Walki and Degaga varieties. Harvest index for Walki and Degaga varieties were significantly 
greater (P<0.001) than Mosisa, Shallo and local varieties. The overall results of grain and 
straw yield, straws to grain ratio and harvest index from the current experiment showed that 
there were significant varietal differences among the tested varieties.  
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The CP and ME contents of the faba bean straws were 4.3-6.2% and 6.5-9.2 MJ/kg DM 
respectively. The CP content of wheat bran was 13% whereas that of “noug” seed cake was 
26.85%. The DM intake of sheep in T2 (754.3 g/day) was higher (P<0.001) than T1, T4 and 
T5 but did not differ (P>0.001) from sheep in T3 (717.9 g/day). The DM intake of sheep in T3 
was higher (P<0.001) than T1 and T4. The differences in DM intake were mainly due to 
differences among the different varieties of faba bean straws since the concentrate supplement 
was the same for all treatments. The higher total DM intake for all treatments in the current 
study (61.6-66.5 g/kg W0.75) indicates that sheep consumed chopped faba bean straws with 
concentrate mixture well and no ill-health /cough problems observed which was the previously 
concern of farmers in the study area. CP intake for sheep in T5 was greater (P<0.001) than T3, 
T1 and T4 whereas no significant difference (P>0.001) with sheep in T2. CP intakes of the 
other treatments were higher (P<0.001) in the order of sheep in T2 and T3 >T1>T4. The NDF 
and ADF intake of T2 and T3 were higher (P<0.05) than T1 and T4 but no variation (P>0.05) 
among T5. The higher NDF and ADF for sheep in T2 and T3 could be attributed to the higher 
DM intake of the sheep in these treatments. 
 
The DM and OM digestibility of sheep in T1, T2 and T3 were higher (P<0.05) than T4 but did 
not differ (P>0.05) with T5. The CP digestibility of sheep in T5 was higher (P<0.001) than 
that of T3 and T4 but did not differ (P>0.001) with sheep in T1 and T2 whereas CP 
digestibility of T1 and T2 was also greater (P<0.001) than T4. There were significant (P<0.01) 
differences in final body weight, average daily gain and feed conversion efficiency among 
treatments. Sheep in T2 (64.58 g/day) had higher (P<0.01) average daily gain than sheep in T3 
(43.19 g/day), T4 (37.5 g/day) and T5 (48.33 g/day) but no significant difference (P>0.01) 
with T1 (52.22 g/day).  Feed conversion efficiency for this trial was higher (P<0.05) for sheep 
in T2 as compared to T3, T4 and T5 whereas similar with values obtained for T1. Similarly, 
FCE of sheep in T1 was significantly greater (P<0.05) than T4.  
 
Slaughter body weight and empty body weight were higher (P<0.05) for sheep in T1 and T2 as 
compared to T4 but similar (P>0.05) among others. This might be due to higher feed 
conversation efficiency and body weight gain of the groups fed Walki and Mosisa varieties of 
faba bean straws as compared to others. Hot carcass weight, chilled carcass weight, dressing 
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percentage on both slaughter and empty body weight basis, rib eye area, majority of edible and 
non-edible offal components, all five primal cuts of carcass components were not affected 
(P>0.05) by using straws from different varieties of faba bean. 
  
From the results of this study, it was concluded that there is significant varietal difference 
between straws obtained from faba bean varieties related to yield parameters of the varieties 
and feed intake, digestibility, body weight gain and feed conversion efficiency of sheep fed 
faba bean straws supplemented with concentrate feed and also observed that straws from faba 
bean when supplemented with concentrate had higher potential as animal feed. Based on these 
results, Walki and Mosisa varieties found to be the most promising ones in terms of feeding 
value of the straws and hence could be recommended as more suitable candidates for pulse 
crop rotation with cereals in the study area because of their potential for providing better 
quality straws that can help in enhancing livestock production and productivity in addition to 
grain yield for human consumption.   
 
Scope for future work 
 
 It is important to determine the level of concentrate mixture in order to exploit the full 
genetic potential of the sheep within the given time 
 
 In order to confirm the varietal differences among the straws of faba bean varieties 
based on yield parameters, it should be further evaluated across different year and 
location and comparisons should include determination of the potential utility index 
that integrates grain yield with the digestible straw yield of the varieties.  
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Appendix Table 1. Summary of analysis of variance for grain and straw yield, straws to grain 
ratio and harvest index for the five varieties of faba bean used for the trial 
Parameters  DF EMS TMS F-value P SL 
Grain yield  145 0.877 10.9 12.44 0.0001 *** 
Straw yield  145 0.794 14.19 17.88 0.0001 *** 
Crop residue to grain ratio  145 0.084 0.543 6.44 0.0001 *** 
Harvest index  145 27.375 242.864 8.87 0.0001 *** 
DF= degree of freedom; EMS=error mean square; P= probability; SL=significance level; 
TMS=treatment mean square. 
 
Appendix Table 2. Summary of analysis of variance for dry matter and nutrient intake of Arsi 
Bale sheep fed different faba bean straws with concentrate mixture. 
Parameters  DF EMS TMS F-value P SL 
DM intake 28 1796.2 11336.3 6.31 0.0009 *** 
DM intake (%BW) 28 0.024 0.064 2.67 0.0545 * 
DM intake (g/kgW0.75) 28 10.7 39 3.64 0.0162 ** 
OM intake 28 1556 8876.2 5.7 0.0017 *** 
CP intake 28 5.1 103.6 20.31 0.0001 *** 
ME intake 28 0.11 2.18 19.81 0.0001 *** 
Ash intake 28 8.9 312.1 35.1 0.0001 *** 
NDF intake 28 1159.7 3978.1 3.43 0.0211 * 
ADF intake 28 812.6 1985.4 2.44 0.0699 * 
ADL intake 28 33.3 109.9 3.30 0.0244 * 
 ADF=acid detergent fiber; ADL=acid detergent lignin; CP=crude protein; DF= degree of 
freedom; EMS=error mean square; ME=metabolizable energy; NDF=neutral detergent fiber; 
OM=organic matter; SL=significance level; TMS=treatment mean square. 
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Appendix Table 3. Summary of analysis of variance for percent of dry matter and nutrient 
digestibility for Arsi Bale sheep fed different faba bean straws with concentrate mixture. 
Parameters  DF EMS TMS F-value P SL 
DM 28 27.2 61 2.25 0.0893 * 
OM 28 55.6 94.3 1.7 0.0789 * 
CP 28 48.8 261.4 5.35 0.00025 *** 
NDF 28 15.2 10.9 0.27 0.5863 ns 
ADF 28 54.1 69.6 1.29 0.2986 ns 
ADF=acid detergent fiber; CP=crude protein; DF=degree of freedom; DM=dry matter; 
EMS=error mean square; NDF=neutral detergent fiber; ns=non-significant; OM=organic 
matter; SL=significance level; TMS=treatment mean square. 
 
Appendix Table 4. Summary of analysis of variance for body weight measurements for Arsi 
Bale sheep fed different faba bean straws with concentrate mixture. 
Parameters  DF EMS TMS F-value P SL 
IBW 28 0.08 0.018 2.09 0.1085 ns 
FBW 28 1.56 6.59 4.23 0.0084 *** 
BWC 28 1.6 6.8 4.22 0.0085 *** 
ADG 28 198.9 838.9 4.22 0.0085 *** 
ADG(g/kgW0.75) 28 1.35 5.2 3.86 0.0127 ** 
FCE 28 0.0003 0.001 3.34 0.0235 * 
ADG=average daily gain; BWC=body weight change; DF=degree of freedom; EMS=error 
mean square; FBW=final body weight; FCE=feed conversion efficiency; IBW=initial body 
weight; ns=non-significant; SL=significance level; TMS=treatment mean square. 
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Appendix Table 5. Summary of analysis of variance for carcass characteristics for Arsi Bale 
sheep fed different faba bean straws with concentrate mixture. 
Parameters  DF EMS TMS F-value P SL 
SBW 12 1.25 3.32 2.65 0.0858 * 
HCW 12 0.22 0.16 0.72 0.602 ns 
CCW 12 0.21 0.21 0.98 0.4566 ns 
EBW 12 1.36 3.16 2.32 0.0167 * 
Dressing percentage on 12      
SBW 12 4.59 4.4 0.96 0.4641 ns 
EBW 12 7.71 11.81 1.53 0.255 ns 
FT 12 0.009 0.024 2.45 0.0633 * 
REA 12 1.6 0.57 0.36 0.834 ns 
CCW=chilled carcass weight; DF=degree of freedom; EBW=empty body weight; EMS=error 
mean square; FT=fat thickness; HCW=hot carcass weight; ns=non-significant; REA=rib eye 
area; SBW=slaughter body weight; SL=significance level; TMS=treatment mean square. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
66 
 
 
Appendix Table 6. Summary of analysis of variance for edible offal components for Arsi-Bale 
sheep fed different faba bean straws with concentrate mixture. 
Parameters  DF EMS TMS F-value P SL 
Blood 12 7324.7 9845.2 1.34 0.3098 ns 
Liver 12 427.4 565.6 1.32 0.3167 ns 
Kidney 12 30.3 61.9 2.04 0.0522 * 
Heart 12 61 65.9 1.08 0.4088 ns 
Tongue 12 105.1 98.7 0.94 0.4742 ns 
Ret-rum 12 12659.4 6909.7 0.55 0.7056 ns 
Om-ab 12 281820.9 151707 0.54 0.7106 ns 
Empty gut 12 2802 20387.1 7.28 0.0032 ns 
SI 12 37116.7 24218.3 0.65 0.6361 ns 
LI 12 17677.2 24395.5 1.38 0.0984 * 
Testicles 12 6221.6 10370.5 1.67 0.0218 * 
Tail 12 22038.4 10163.2 0.46 0.763 ns 
Kidney fat 12 706.8 148.8 0.21 0.9276 ns 
Heart fat 12 97.4 123.3 1.27 0.3363 ns 
Omental fat 12 630.4 150.6 0.24 0.9109 ns 
Scrotal fat 12 85.9 66 0.77 0.5658 ns 
Pelvic fat 12 54.9 93.6 1.71 0.2133 ns 
TEOC 12 0.56 0.2 0.36 0.8298 ns 
DF=degree of freedom; EMS=error mean square; LI=large intestine; ns=non-significant; Om-
ab=omasum-abomasum; Ret-rum=retculo rumen; SI=small intestine; SL=significance level; 
TEOC=total edible offal component; TMS=treatment mean square. 
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Appendix Table 7. Summary of analysis of variance for non-edible offal components for Arsi- 
Bale sheep fed different faba bean straws with concentrate mixture. 
Parameters  DF EMS TMS F-value P SL 
HCW 12 25103.4 5604.5 0.22 0.9202 ns 
Skin 12 68896.1 82046.7 1.19 0.364 ns 
Lung with trachea 12 3699.6 7159.7 1.94 0.0691 * 
Pancreas 12 14.2 10.1 0.71 0.5994 ns 
Spleen 12 30.1 140.7 4.68 0.0166 ** 
Bladder 12 33.9 9 0.27 0.8942 ns 
Gall bladder 12 44.3 8.5 0.19 0.9383 ns 
Full gut 12 376426.4 188036.8 0.5 0.7368 ns 
Penis 12 62.5 62.3 1.00 0.4464 ns 
FWH 12 1345.7 19.36.8 1.44 0.2805 ns 
TNEOC 12 0.67 0.5 0.76 0.5706 ns 
DF=degree of freedom; EMS=error mean square; FWH=feet with hooves; HCW=head 
without tongue; ns=non-significant; SL=significance level; TMS=treatment mean square; 
TNEOC=total non-edible offal component.  
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Appendix Table 8. Summary of analysis of variance for the five primal cuts of carcass 
components for Arsi Bale sheep fed different faba bean straws with concentrate mixture. 
Parameters  DF EMS TMS F-value P SL 
Leg total 12 9281.5 13361.6 1.44 0.2804 ns 
Bone 12 2054.1 2012.1 0.98 0.4546 ns 
Muscle 12 3893 3876.6 1.00 0.4469 ns 
Fat 12 1381.8 1243.9 0.90 0.4939 ns 
Loin total  12 4171.6 3101.4 0.74 0.5806 ns 
Bone 12 1802.7 4423.4 2.45 0.0625 * 
Muscle 12 5259.8 4345.2 0.83 0.5334 ns 
Fat 12 690.2 507.8 0.74 0.5851 ns 
Rack total 12 5603.8 2091.6 0.37 0.8233 ns 
Bone 12 1352.9 673.1 0.5 0.7382 ns 
Muscle 12 2272.1 1271.6 0.56 0.6964 ns 
Fat 12 862.2 604.3 0.7 0.6061 ns 
Breast and shoulder total 12 2517.2 3075.1 1.22 0.3524 ns 
Bone 12 259.8 581 2.24 0.026 * 
Muscle 12 1414.4 1512.4 1.07 0.4137 ns 
Fat 12 362.6 428.3 1.18 0.3677 ns 
Shoulder and neck total 12 20734.6 11759.6 0.57 0.6914 ns 
Bone 12 2499.4 2016.9 0.81 0.544 ns 
Muscle 12 11975.9 6739.3 0.56 0.6943 ns 
Fat 12 632 356.1 0.56 0.6939 ns 
DF=degree of freedom; EMS=error mean square; ns=non-significant; SL=significance level. 
TMS=treatment mean square. 
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Appendix Table 9. Summary of analysis of variance for mean tissue and proportions of the 
five primal cut carcass components for Arsi Bale sheep fed different faba bean straws with 
concentrate mixture. 
Parameters  DF EMS TMS F-value P SL 
Muscle, kg 12 0.048 0.013 0.28 0.8869 ns 
              % 12 11.5 7.1 0.61 0.6602 ns 
Bone,    kg 12 0.009 0.005 0.55 0.7005 ns 
              % 12 12.2 6.1 0.5 0.7364 ns 
Fat,       kg 12 0.007 0.009 1.26 0.3401 ns 
              % 12 4.6 6.8 1.49 0.2669 ns 
DF=degree of freedom; EMS=error mean square; ns=non-significant; SL=significance level. 
TMS=treatment mean square. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
